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A BIOLOGICAL EXAMINATION OF 

LAKE ST. CLAIR. 



PRELIMINARY ACCOUNT OP WORK DONE DURING THE SUMMER OP 
1893 BY THE PARTY MAINTAINED BY THE MICHIGAN 

FISH COMMISSION. 



In an undertaking like the present one, in which it is proposed to 
devote public funds to the prosecution of what might appear to be a purejy 
scientific enterprise, it may be reasonably expected that some justification 
be oflFered for such a course. The following quotation from an address made 
by the writer before the International Fisheries Conference at Chicago, in 
October, 1893, is believed to meet this expectation: 

" The history of the whitefish industry of the Great Lakes is well known 
to the members of this conference. It is presumably the history of a 
diminishing production in spite of a very large annual outlay for artificial 
propagation. The enthusiasm with which the fish culturists of twenty 
years back undertook the restocking of the Great Lakes was bom of suc- 
cess in many similar enterprises. Trout and shad have been made to 
J9warm in depleted waters. Similar results were therefore to be expected 
in the application of similar methods to the Great Lakes. These expecta- 
tions have oiot been realized and fish culturists are casting about for an 
explanation. 

" On the one hand it is asserted that the expected increase in the yield of 
whitefish has not been realized because of the destructive methods of fish- 
ing. The ravages of the pound net, it is said, are more than sufficient to wipe 
out the gain due to artificial propagation. It is maintained that if fishing 
methods were properly regulated the results of artificial breeding would 
at once make themselves felt and that, while the planting of whitefish Has 
not resulted in increasing the supply of adult fish, it has prevented any 
large reduction in that supply, so that many grounds, which now pay for 
the fishing, would have been utterly exhausted but for artificial propaga- 
tion. The remedy for the present condition of things is believed to lie 
both in legislation controlling fishing methods, and in a still greater exten- 
sion of artificial propagation. 

" On the other hand , it is claimed t\i»\. \l \k^ bxNa^c^^^^^V^^"^^^ 
Bah were successful, it should resxiYt m ^\imex^%.^\x^%^'^^^^^'^^^^ 
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ing methods of fishing. The remedy does not lie in restrictive legislation; 
it lies rather in an increasing of the efiPectiveness of methods of artificial 
propagation and perhaps also in an increase of the annual output of arti- 
ficially hatched fish. 

" The first view is held for the most part by fish culturists, who favor 
restrictive legislation and increased facilities for artificial propagation. 

" The second view is held for the most part by fishermen, many of whom 
are not yet convinced of the value of artificial propagation. 

" When one who is neither fish culturist nor fisherman attempts to dis- 
cover the grounds upon which the various opinions are based, he very soon 
finds that there are but few recorded facts. 

" In order to know whether the number of whitefish is increasing or 
diniinishing for any locality or for all localities, it is necessary to have 
etaljistics extending over a term of years. Statements based on statistics 
which are taken in two years separated by an interval of five or ten years^ 
are nearly valueless for purposes of comparison for the reason that such 
statistics do not and cannot take into account the climatic conditions which 
make one year favorable and another year unfavorable. The fact that in 
the year 1880 the number of whitefish marketed was greater than in 1890^ 
does not prove that the number of whitefish has diminished in this 
interval; it proves only that the number caught in 1890 was less than the 
number caught in 1880. This may have been due to a diminution in the 
number of fish, but it may also have been due to storms during the fishing 
season of 1890. Statistics to be conclusive should enable us to compare 
the averageyield for the ten years 1870 to 1880 with the average yield for 
the ten years 1880 to 1890. ^ 

" No such continuous series of statistics is in existence, so that. the asser- 
tions concerning a diminishing yield of whitefish rest either on a compari- 
son of these statistics of isolated years or on the statements of fishermen 
concerning certain localities. 

"If we inquire into the facts concerning the sufiiciency of the present 
methods of artificial propagation, we find that so far as concerns the white- 
fish there is no question as to the success of the earlier stages of the pro- 
cess. Several hundred million ova are taken annually and placed in the 
hatcheries and of these usually from 80 to 90 per cent are hatched and 
placed in the waters of the Great Lakes — 165,000,000 in Lake Erie alone 
in 1888. 

" This is very nearly all that is known about these young whitefish. About 
their food habits we know only that in captivity that they eat certain spe- 
cies of Crustacea. Whether in their natural habitat they eat other animals 
in addition to these Crustacea or in preference to them we do not know. 
It is uncertain at what age they begin to take food or how much they 
require. We do not know their natural enemies. We do not know whether 
they thrive best in running water or in standing water, in shallow water or 
in deep water, whether at the surface or near the bottom. What changes 
of habitat or of food habits the fish undergo as they grow older is a still 
deeper mystery. 

" Our problem is to place young whitefish in the Great Lakes under such 

conditions that as large a number as possible of them shall grow into adult 

fish. It is clear that of one of the elements in this problem namely, the 

TrhHeEBh, we know but little. 

r /' ^^^4 ^^en, do we know ot the other elements of the problem, the Great 

^aA-es tliemselves? Individual naturalists have made ettoT\» Ixotcl ^.vaxft lo 
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time to study one or another of the groups of animals living in the lakes. 
These efforts have always been citcumscribed by the facilities at hand, 
by the time that could be devoted to the subject, by the small area 
examined, or by the small number of animals taken into account. Although 
much excellent work has resulted from these efforts it remains true that 
there has been thus far no attempt to secure an accurate knowledge of all 
the conditions existing in any one locality, and no attempt to study exhaust- 
ively a single group of the animals and plants of the lakes. We are still 
at the beginning so far as concerns a knowledge of life conditions in these 
lakes, the conditions with which we surround our young whitefish. If we 
could assume that the conditions are uniform over the whole area of the 
Great Lakes, then since the young whitefish are native to these lakes, it 
might be a safe conclusion that they will find the conditions in one local- 
ity as well for them as in another. But there are no facts which support 
the view that the conditions are uniform over the lakes. 

" We are thus in the position of bringing together under unknown con- 
ditions, two things, both of unknown character; and we expect as a result 
to get a third thing, marketable whitefish. Should we not pursue our 
object more intelligently by first determining the characteristics of the 
materials with which we have to work? It was with this object in view 
that the Michigan Fish Commission in the summer of 1893 established a 
scientific laboratory on Lake St. Clair. This lake is readily accessible 
from the Detroit hatchery at the season when whitefish are planted. 
Whitefish are caught in certain parts of the lake in considerable numbers 
in the spawning season, so that it is probable that spawning grounds of 
this fish are found along the west shore of the lake near its outlet. In 
establishing a laboratory on the lake, the Fish Commission hoped, there- 
fore, to accomplish two things. 

" (1) To study carefully and in the broadest possible way the life of the 
lake. After examining the physical characteristics of the lake, such as 
the color, transparency and chemistry of the water, a study of this sort 
should include a determination of the kinds of animals and plants in the 
lake. Every species should be sought out, carefully described and figured, 
and a specimen of it preserved. Then the habits of each species should be 
known, its habitat, its food, its enemies and its parasites. The numbers of 
animals and plants of each species in a given volume of water should be 
determined and the variations in these numbers in different parts of the 
lake and at different seasons of the year. Such a collection of data would 
form a complete picture of the biology of the lake. 

" (2) It was hoped that young whitefish might be captured in the lake 
by suitably arranged nets, and that it might thus be possible to determine 
the food habits of the young fish, and the other conditions under which 
they are found in nature. 

" Should both these objects be accomplished, we should be in a position 
to determine where in the Great Lakes are to be found the conditions 
favorable to the whitefish fry." 

An enterprise of this sort cannot, of course, be carried very far in a sin- 
gle season. No very large body of facts can be collected in so short a time, 
nor has it been possible in the six months since the close of the season, to 
thoroughly work over the data at hand, so as to get out of them all t^c^ 
conclusions which they may be supposed to ^\^\^. 

The following report is tbereioTe pTe\\mm^T^. ^^^^Slv^'^ '^'^v'^'^^^ 
and the regulation of the fishing mdwe\>T\e^ ol >3a^ X^^^'e.. ^^^^ >^ 
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upon a complete knowledge of the life of these lakes and of the physical 
conditions that encompass and maintain that life. To acquire this knowl- 
edge is a labor of many men and of many years. He is the most success- 
ful farmer who knows the value of different sorts of soil and how to ferti- 
lize them most economically, who knows how and where and in what quan- 
tities his seeds should be planted, who knows when and how and with what 
apparatus his crops should be gathered, who knows what food should be 
fed to his stock and in what quantity. The fisherman is almost wholly 
ignorant of the corresponding facts in his own calling. Of his soil — the 
lake — he knows but little, that it could be fertilized has not occurred to 
him, he never plants, while the planting that is done for him is at random 
and without knowledge of the soil upon which the seeds fall; he reaps con- 
tinuously without restraint and with every possible form of deadly appara- 
tus. The remedy for all this, the only remedy is, I believe, untramelled 
and extended investigation of the lakes from every point of view. It was 
with the purpose of carrying on such an investigation that an examination 
of Lake St. Clair was undertaken. 

EQUIPMENT AND METHODS. 

A laboratory was located at New Baltimore, near the head of Anchor 
Bay which is the northeajstern part of Lake St. Clair. Through the kind- 
ness of Mr. Gilbert Hatheway, the party had the use of the second story 
of a large warehouse situated on his pier. By the use of temporary sheath- 
ing of heavy paper this was transformed into a comfortable room. Four 
large and very rigid laboratory tables, especially designed for their porta- 
bility, were placed at the windows and accommodated two workers each. 
The spaces on the wall were filled with temporary shelving for books and 
apparatus and two large tables were provided for general work. At one of 
the windows was placed a large zinc topped table arranged to hold a dozen 
small aqaaria to which running water was supplied from a tank outside the 
building. ^On the wharf without was erected a shed which sheltered three 
large aquaria supplied with water from a special tank. In these aquaria 
the largest fish of the lake could be kept under observation. 

The laboratory was supplied with small boats. For more extended trips 
and for use with the heavier collecting apparatus there was a small steamer, 
the Ben Hur of Detroit, a boat of about ten tons burden. She has a very 
roomy cabin and was found to serve every purpose admirably. 

A considerable collection of pertinent literature, as well as microscopes 
and the other usual laboratory apparatus, was loaned by the University of 
Michigan. A liberal supply of the usual glassware and reagents and of 
the minor apparatus was provided by the Fish Commission. The collect- 
ing apparatus included the usual hand nets, tow nets and dredges. Besides 
these there were some forms of nets not in common use. The ordinary 
form of deep sea dredge was found to slip over the hard clay bottom or 
over the thick matting of CharacesB which covers this bottom, so that it 
usually came up empty. In its place was used a dredge made as follows: 
An iron band 2 inches broad, f of an inch thick and 4 feet 6 inches long is 
cut along one edge into a row of triangular teeth each an inch broad and 
an inch high. These teeth are sharpened and bent so as to form an angle 
of about Id degrees with the rest of the band, which is provided with holes 
Into which a net may be laced. The band is then bent on \.\ie bxowi %\de 
^to the form of an equilateral triangle with tbe teeth iiic\\xie9L o\sA.^^xii. 
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In each angle is welded a stout ring for the dredge rope, and also an iron 
rod 2J feet long which projects at right angles to the plane of the triangle 
and from the edge of the band opposite the teeth. A flat net of inch mesh 
is supended from the triangle and its bottom is lined for about a foot with 
coarse cotton cloth. The whole net frame has thus the form of a triangu- 
lar prism and when dragged along the bottom always rests upon one side, 
so that the teeth at the edge of the frame act with great efiPectiveness in 
loosening objects imbedded in the hard clay bottom. This net is modeled 
from one exhibited among the apparatus of the Plankton Expedition in 
the German University Exhibit at the World's Fair. 

Another piece of apparatus of great value is the net designed by Prof. 
E. A. Birge for collecting Cladocera, described in Trans. Wis. Acad., 
vol. viii, 1891. It is indispensable on weedy bottoms or shores. 

It is well known that the ordinary tow net when weighted so as to be 
used on the bottom either runs at an unknown distance from the bottom, 
or if it reaches the bottom fouls in the weeds or fills with mud or sand. 
We therefore make use of the tow net supported on four flat iron runners 
which are welded to the iron net ring. These runners extend for about 30 
inches at right angles to the plane of the net ring and are then bent toward 
one another and riveted together at a point opposite the center of the net 
ring and three feet from it. The net thus hangs within the frame formed 
by the runners and its mouth is held about two inches from the bottom. 
This proved an excellent device for collecting bottom forms free from weeds 
or mud. 

For quantitative work we used a vertical net which is more fully 
described in another place. 

Six persons worked in the laboratory from July 15 to Sept. 15. They 
were: 

Prof. J. E. Reighard, director; quantitative work, Crustacea and 
vertebrates. 

Dr. H. B. Ward, associate professor of zoology. University of Nebraska^ 
Lincoln, Neb. ; worms. 

Mr. Frank Smith, instructor in zoology, University of Illinois, Cham- 
paign, 111. ; Protozoa and Mollusca. 

Dr. Robert H. Wolcott, Ann Arbor, Michigan; Insecta and Hydrachnida. 

Mr. H. S. Jennings, assistant in animal morphology. University of Mich- 
igan; Rotatoria, sponges, and Bryozoa. 

Mr. A. J. Pieters, assistant in botany, University of Michigan; plants. 

Two employes of the Pish Commission, Mr. Dwight Lydell and Mr. 
Jesse P. Marks, rendered valuable service in collecting, fishing, and in 
otherwise furthering the interests of the laboratory. 

Each person had charge of that portion of the subject set opposite his 
name. These gentlemen worked enthusiastically and without compensa- 
tion, in the interest of science, so that whatever results have been reached 
are largely due to their unselfish devotion. ' 

In addition to the work which has been done by the laboratory staff, 
the following gentlemen have undertaken to work up the groups set oppo- 
site the names. 

Dr. R. Blanchard, Paris, France; the leeches. 

Dr. E. A. Birge, University of WiacoiiftYii\ >iXife ^^^^^^y^'^'^^^ 

I>r, O. EiBen, San FranciBCo; tVie 0\\gpc\i«)\»i. 

Prof. C. Dwight Marsh, Ripon, ^\b.\ \^i^ Cjcs^^^cAsw- 
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Dr. W. M. Woodworth, Harvard University, Cambridge, Mass. ; the 
planarians. 

Mr. Bryant Walker, Detroit, has identified most of the MoUusca. 

Aid has also been received in the identification of the Oharacese from 
Dr. T. P. Allen of New York City, and in the Desmidacese and unicellular 
alg8e from Mr. L. N. Johnson of the botanical department of the Univers- 
ity of Michigan. 

The first six weeks were spent in qualitative work, that is in making a 
list of the animals and plants of the lake, in noting their habits and the way 
in which they were associated, and in preserving specimens, drawings and 
records of observations. Every morning and frequently again'in the after- 
noon a man was sent out into the bay with the different sorts of nets. 
With the tow nets were obtained the smaller animals and plants floating 
in the water, at the surface, in mid-water, and near the bottom. The forms 
attached to the bottom or concealed among the water plants were collected 
by means of the toothed dredge and the Birge net. Collections were also 
made near the shore with the same apparatus. All the materials were 
brought to the laboratory and were ready for examination upon the arrival 
of the laboratory force. Each worker then sorted out from the collection 
the materials belonging to him. This method of working was kept up 
until it was felt that all the inhabitants of the lake, except possibly a few 
rare or occasional ones had become familiar. The living specimens were 
studied in all cases and material was preserved for future study. Final 
identifications were attempted only in the cases where the original litera- 
ture in the laboratory was ample for the purpose. 

At the same time that collections were being made of the smaller inhabit- 
ants of the lake, gill nets were set for the capture of fish, while other fish 
were purchased from the fyke-net fishermen who landed their catch every 
day at the laboratory dock. The stomachs of several hundred of these 
fish were examined and the contents preserved with the purpose of deter- 
mining the food habits of the fish. At the same time the fish were system- 
atically searched for parasites and many important biological date were 
collected concerning these forms. A more detailed report on them is in 
preparation by Dr. Ward. 

In order to keep a continuous and systematic record of the material exam- 
ined, use was made of blank forms in which each person entered the species 
observed by him. These blanks are of two sorts, one intended to give the 
more importent data concerning the individual animals and plants, and the 
other intended to show how these animals and plants are associated together 
under different conditions. The following is a sample of what may be 
called the individual blank: 
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This blank gives the results of the observations of a single day on a 
single species of Sida, the name of which appears at the top of the card. 
Whenever this same species was observed under different circumstances a 
new card was made for it. By sorting out all the cards referring to a sin- 
gle species, one has at hand in condensed form all the facts recorded con- 
cerning it. 

These blanks did not take the place of note books, but were meant merely 
to condense and systematize the records made in the note books. 

The other form of blank may be called the collective blank. A sample 
of it appears below. It is a modification of a form used at Mr. Agassiz's 
Newport laboratory. 
2 
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The blank given enumerates only a part of the haul of that number and 
date; but forty-four out of seventy-six entries recorded in the original 
have been reproduced here. Without being selected to present an average 
of the hauls, it is still a fair sample of the record. The numbers appended 
to the name of a genus refer to the note-book of the investigator who made 
the record and mark a species which is either new or not yet identified. 

Blanks of this form were passed from one worker to another and each 
person entered in them the forms which he had found as taken in a certain 
net at a certain time and in a certain location. The blanks thus serve to 
show the way in which the forms are associated together and their relative 
numbers under different conditions at diflferent times. To properly fill 
one of these blanks was usually the work of six observers for the greater 
part of a day. 

For the records of parasites there was a third form of blank designed 
by Dr. Ward, and shown in the report on the parasites, contained in the 
appendix. It is intended to bring together certain data concerning the 
animal infected and the numbers and kinds of parasites. 

A similar record was kept of the contents of the fish stomachs, but no 
special blank was used for this purpose. It is desirable to use a blank for 
this also. 

Detailed reports are now in preparation by the various members of the 
laboratory staff and by others who have undertaken to work up special 
subjects. The report on the plants and that on the Rotatoria have been 
published as Bulletins of the Michigan Fish Commission. Other reports 
of similar scope will be published as soon as completed. Some which are 
briefer or preliminary in character are appended to this paper. 

STATEMENT OF RESULTS. 

Lake St. Clair stretches from 42° 18' to 42° 42' north latitude and from 
82° 25' to 82° 55' west longitude and lies at an elevation of about 580 feet 
above the sea. It has roughly the form (see map at end of report) of an 
equilateral triangle with rounded angles. Each side of the triangle, 
measured in a straight line, is from twenty-five to thirty miles. The south- 
ern and shortest side of the triangle is nearly straight and runs east and 
west. From its western end the western side inclines toward the east as 
it extends northward. It is broken at about the junction of its northern 
and middle thirds by the projecting delta of the Clinton river. The 
third side of the triangle looks toward the northeast. In the middle 
of this northeastern shore the lake receives the waters of the St. Clair 
river which carries the overflow of the three upper lakes. At its entrance 
into Lake St. Clair the river breaks up into several channels, each of which 
again divides once or twice so that the water of the river enters the laket 
through nine well-defined mouths of varying sizes. The^e mouths are scat- 
tered for a distance of twenty miles along the northeast shore and discharge 
their waters into the lake at a considerable velocity. Between the channels 
which diverge from the main river to these mouths, is swampy shifting 
ground, which forms an enormous delta overgrown with rushes and covered 
usually by a foot or more of water. These are the celebrated St. Clair 
Flats. The banks of the channels only are usually forrckfed. <2»V ^ssss^^-^^^^j^ 
firm ground and it is upon them tViat nxmie^xow^ «^\cca^^^ ^^^'ssSvKs^^^'e* ^^"^x^ 
hotels have been built. By tbe pio^eclm^ deW.^ ol ^Jcift ^X^x^^"^ ^c^^^-^ ^ 
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that of the St. Clair river the northwest comer of the lake is partly iso- 
lated to form Anchor Bay. 

The lake has an area of 410 square miles (Schermerhorn 87). The shore 
line of the whole lake measured on the government chart, is about 1^7 
miles. Of this the shore line of the delta^ of the St. Clair river contri- 
butes 104 miles, while that of the remainder of the lake contributes but 83 
miles. Seligo (90) has expressed the absolute shore development of 
lakes by dividing the length of the shore line by the square root of the 
surface. The absolute shore development of Lake St. Clair is thus 
187 -r- VS6 = 9.23. Seligo further expresses the relative shore development 
by using the circle as a unit. The absolute shore development of a circular 

lake is y-^ which, in case r = 1, is 3.54. The relative shore develop- 
ment of Lake St. Clair is thus 9.23 -4- 3.54 or 2.607. The greater part of 
the shore line is that belonging to the delta of the St. Clair river. If this 
stretch of delta shore were replaced by a portion of shore such as extends 
from Milk Eiver Point to New Baltimore, the total shore line of the lake 
would be but 109 miles. The absolute shore development reckoned on the 
basis of a shore line of 109 miles is 5.38 while the relative shore develop- 
ment becomes 1.519. 

The water poured into the lake at the rate of 225,000 cubic feet per second 
through the many mouths of the St. Clair river, converges to the south- 
west corner of the lake, whence it flows toward the west through the 
Detroit river. There is thus produced a current in nearly all parts of the 
lake. In most places this current is slight, but near the mouths of chan- 
nels it reaches a very considerable velocity. 

The shore of the deltas of the St. Clair and Clinton rivers and of the 
many smaller deltas which occur about the shore of the lake at the mouths 
of smaller streams, are of course low and marshy and formed of a charac- 
teristic spongy loam. The remainder of the shore is formed by a bluflf of 
clay ( the sea cliflf ) which contains a considerable admixture of sand or gravel. 
The sea cliflf varies in height from 2 or 3 to 15 or 20 feet. It is being contin- 
ually eroded by the action of the waves so that it is customary to protect 
it by sea walls or by a covering of brushwood. The erosion washes away 
the fine clay composing the cliflf. This clay is carried by currents and 
waves into the deeper water where it is either deposited on the bottom or 
removed by the current. The coarser particles of sand and gravel which 
are mixed with the clay are deposited along the shore and help to form 
little stretches of sandy or gravelly beach. The bottom of the lake is 
composed of fine blue clay — Tike that of the shore. The clay has been 
washed out of the superficial layer of the bottom by the long continued 
action of the waves and currents so that there is left nearly everywhere a 
stratum of fine sand or gravel which separates the clay of the bottom from 
the overlying water. This stratum is not usually more than one or two 
inches thick, and is often composed of particles of such fineness as to 
warrant its popular name of mud. A microscopical examination has not 
revealed in it any organic remains. 

In most lakes the particles eroded from the shore by the action of the 
waves are deposited near the shore in the form of a terrace, called by 
geologists the " lake terrace." The lak^ terrace is a nearly level zone of 
the lake bottom which extends on all sides from the shore for a consider- 

J The delta varies grreatly in extent and form of its shore according to tlie stage of the water. The 
<^^oflS^^°^ ^^^ t&are/oiie only approximate. They are carried directly acroaa t.\» moa^StA ol ^h» 
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able distance towards the center of the lake. At its lakeward margin the 
terrace slopes sharply to the bottom of the central part of the lake — form- 
ing that which is known as the lakeward slope of the terrace. Since the 
terrace is formed by the erosive action of the waves it is composed of sand, 
gravel and fine loam or clay washed from th^ sea clifif. Large boulders of 
coarse gravel, on account oi their weight, are deposited near the shore, finer 
gravel and sand are carried out to some distance from the shore, while the 
finest sand, the mud and clay are carried to the lakeward margin of the 
terrace. Passing from the shore to the lakeward slope of the terrace, the 
latter is found to be made up of successive particles of continually dimin- 
ishing size. In lakes of this sort the water covering the lake terrace is 
shallow and of nearly uniform depth. On the lakeward slope of the ter- 
race the water deepens abruptly, and as one proceeds from the bottom of 
this slope toward the center of the lake the water gradually deepens, 
reaching its greatest depth near the center of the lake. This is expressed 
in the section of an ordinary lake shown in figure 1. 




Fig. 1.— Typical Lake. 

Lake St. Clair has no well-defined terrace. The depth of the water , 
therefore, increases gradually from the shore to the central are a of t£e 
' laie, .._Oyer this centraLajrea^. which is perhaps a fifth of the whole lake 
area, there is a nearly uniform depth of about twenty feet. The unusual 
shallowness of the lake may be realized from the following statement. On 
a chart drawn to a scale of 1-50,000, the width of the lake at latitude 42°^ 
25 ' is about 30 inches. On the same scale the greatest depth would be 
represented by a line 1-200 of an inch in length. Thus a line 30 inches 
long and departing from a straight line at its middle by 1-200 of an inch 
would represent a cross section of the lake. To the eye. such a line 
appears perfectly straight. 

Thejbsence^^ a t errace in La ke St. Clair JBLio he_ accounted for by the 
(in a^^ological sense) comparatively recent formation of the "lake. 
^ "WiJEmjrecent times the lake, lite the other great lakes, covered a much 
larger area than it now occupies. The water MbsequenTly receded until 
" "the Jake reached its present size. The present lake bottom is, therefore, 
_oniy the centfaT more level portion of the original lake basin and is 
without a terrace. The time that has elapsed since the lake reached its 
present size has not been sufficient to form a new terrace. The currents # 
further work against the rapid formation of a terrace by carrying out into 
the center of the hke or removing from it entirely ibva \ssai«»^»^^^^^^2^ 
would be otherwise deposited to form a teTTae^, v v3L 

No attempt has been made to measure lYie VxBbt^-^^x^TiCi o^Na^^"^'^ ^ 
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the lake. It has jxot. that remarkable transparency that characterizes the 
waters of {he northern lakes. This is to be accounted for l3j;^its meagre 
depth. The shallow water near shore is always much roiledTeven T)y mod- 
erate waves, apparently on account of the fine particles of clay in suspen- 
sion. A zone of this roiled water extends for perhaps a quarter of a 
mile from the shore and disappears only in very quiet weather. Probably 
in very rough weather the bottom is affected by the wave action in even 
the deepest water. The whole lake would then be roiled. We had 
no opportunity to observe this. 

The temperature of the water in September varied from 18° to 21° 
(65° to 70° P.) and there was but little difference between the tempera- 
ture at the bottom and that at the top. In the deepest water this differ- 
ence was not more than 1°C. 

I know of no chemical analysis of the lake water. 
^ The salient physical characters of Lake St. Clair are: The existence of 
currents, the great shallowness, the lack of transparency in the water, the 
absence of a terrace, the contract between the shore line on the northeast 
shore of the lake and that of the remainder of the lake. 

THE FAUNA AND FLORA OF THE LAKE. 

The first six weeks of our stay on the lake were spent in an attempt to 
make a record of the animals and plants occurring in it, and to gather 
such data as was possible concerning them. The following summary will 
indicate what was accomplished in this direction. For a fuller discussion 
consult the various appendices to this report and the bulletins of the 
Michigan Fish Commission, which deal more exhaustively with the indi- 
vidual groups. 

Plants: The plants of a lake may be roughly divided into two groups, 
(1) the larger plants which grow near the shore in shallow water and 
which cover the bottom in water of moderate depth, and (2) the micro- 
scopic plants, which are either attached to the larger plants or float free in 
the water. In the open water in the middle of a lake where no plants are 
visible to the naked eye, all vegetation appears to be absent. Such water 
nevertheless contains great numbers of minute floating algsB, so that the 
vegetation borne by it is equal in amount to that growing on a sparsely 
covered meadow (beligo 90). The plants occurring in Lake St. Clair are 
enumerated in the report of Mr. Pieters, which has been published as Bul- 
letin No. 2 of the Michigan Fish Commission. (Among the minute floating 
plants I desire to call particular attention to the occurrence in quantity or 
Glathrocystis ceruginosa, as reported by Mr. Pieters. ) The list includes 
158 species, of which 106 are microscopic. Mr. Pieters points out that the 
plants which grow in the shallow water along the shore are arranged in 
well marked zones, each characterized by the presence of certain genera. 
Owing to the absence of a terrace and the consequent very grcwiual 
increase in the depth of water, these zones overlap or pass into one another 
more gradually than is the case in lakes with a well defined terrace. 

The bottom of the lake, wherever examined, was found to be covered by 

a growth composed mostly of Chara, The Chara encroaches upon the 

zone of plants which borders the shore. It is probable that it also covers 

the bottom of the whole lake. In most parts of the lake the plants com- 

l?o3ing: this bed of Chara are as numerous as those in a thrifty field of 
clover. 
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At least three factors influenoe the a{)nndance of plants in a lake: 

1. The amount of matter in solution in the water. Just as the product- 
ive capacity of a field is depeiident on the richness of its soil, so is the 
productive capacity of a lake dependent on the richness of its water, that 
is, upon the amount of material in solution in the water and suitable for 
the nourishment of water plants. The microscopic plants are wholly 
dependent on this material for their food supply, while even those plants 
that are rooted to the bottom are largely, but in different degrees, depen- 
dent on the same source of food. The food material is brought into the 
lake by the action of the waves in eroding its shore, by the streams which 
drain its basin, by floods, winds and rains. It consists in part of sub- 
stances washed from the soil or air and in part of dead animals and plants, 
or fragments of them. A part of it reaches the lake in solution, while 
another part is in suspension. The part in suspension settles to the bot- 
tom of the lake and there, if organic. It slowly decays and its products pass 
into solution. Its amount is dependent on the extent of the drainage 
basin of the lake and upon the richness of the soil of this basin. It is also 
dependent on the length of the shore line of the lake, since the longer 
shore line presents more material to the erosive action of the waves. Thus 
the supply of plant nutrition in a lake is continually added to from with- 
out. It is also continually lost through the outlet of the lake, so that the 
amount of it in the lake remains constant. The amount of this material in 
the water of Lake St. Olair has not, to the knowledge of the writer, been 
determined by chemical analysis. Susta (87) has found it possible, and 
proatable, to increase the yield of plants in fish ponds bjr manuring and 
otherwise fertilizing the pond. He was thus enabled to largely increase 
the yield of fish in his ponds. 

2. The yield of the larger plants in a lake is dependent on the amount 
of shallow water. It is only in such shallow water as occurs on the lake 
terrace that these plants find soil for attachment and sufficient light. A 
great relative shore development (Seligo '90) such as we find on the north- 
east shore of Lake St. Clair, therefore furnishes a large yield of water 
plants, while the slight shore development of the rest of the lake is unfa- 
vorable. The absence of a terrace is also unfavorable. Although there is 
no terrace in Lake St. Clair, yet the shallowness of the whole lake com- 
pensates for this, since it gives an opportunity for a more extended growth 
of Chara than could find place on the lakeward border of a narrow terrace. 

3. The transparency of the water. Aquatic plants, like others, are 
dependent on the light for their growth. If the water is transparent so 
that it admits the light to considerable depth, such plants as the Charas 
"which grow upon the bottom are able to exist in deeper water and thus to 
cover a larger area of the lake bottom. The minute floating plants are 
also able to exist at greater depths and consequently in greater numbers 
over the whole lake. The turbidity of the water of Lake St. Clair, due to tke 
fine soil of the shore and bottom, is thus a factor unfavorable to the growth 
of aquatic plants. This is, however, compensated for, as already pointed out, 
by the unusual shallowness of the lake — which permits light to reach all 
parts of the bottom in sufficient amount to support an abundant growth of 
Chara. 

We find, then, that the greater development of the northwest shore along 
the delta of the St. Clair river gives support to an abundant. U.ll^^rwiS.^'^*^^- 
tation, while the lesser shore developuieixt ot ^i^i^ x^tsv&IvkA^^ ^^^^ S^^^siftft> 
jields support to a very scanty littoxaV vege>\.BX\oTL. "Y^^ ^i^^^qj^^nj^'^'^ ^ 
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the lake favors the bottom vegetation and results in an abundant bed of 
Chara, while the turbidity of the water is one element in resisting the 
development of the minute floating plants. It would seem to me that the 
great development of the bottom vegetation more than compensates for 
the poor development of minute floating plants and of littoral plants 
along much of the shore. The total yield of the lake in plants is 
therefore probably greater than would be the case in a deeper lake of 
the same size, with more transparent water and greater shore develop- 
ment It should be understood, however, that this statement is not the 
result of any accurate measurements. 

The Animals: Bepresentatives of the following groups of animals are 
found in the lake. 
Protozoa. 

Ooelenterata (Sponges, Hydroids). 
Turbellaria (Non-parasitic, fresh water, flat worms). 

Nematodes (Thread worms, some free, others parasitic). 

Hirudinei (Leeches). 

OligochaBta (Earth worms and related forms). 

Bryozoa ("Moss" animals). 

Eotatoria ("Wheel" animalcules). 

Crustacea. 

Acarina (HydrachnidaB or water mites and Oribatidae). 

Insecta. 

MoUusca (Snails and mussels). 

Vertebrata (Birds, turtles. Amphibia and fishes). 
The following summaries indicate briefly what is known with regard to 
each group. A report on the Rotatoria has been issued as Bulletin No. 3 
of the Michigan Fish Commission. Reports on other groups are expected 
to be issued as soon as ready. Preliminary reports and such others as are 
not sufficiently extended to warrant their publication as separate bulletins, 
are appended to this paper. 

I. The Protozoa: From the notes of Mr. Frank Smith, which are 
appended to this report, it appears that he recorded altogether thirty-t\vo 
species. Of these, ten were taken at a distance from the shore at the sur- 
face with a tow net. Six were taken in the same localities at the bottom 
with the tow net and dredge. Of these six, four were found also at the sur- 
face so that but two species were at or on the bottom which do not also 
occur at the surface. Of these two, one, a Vorticella, is a fixed form. Prac- 
tically, therefore, the protozoan fauna of the bottom at a distance from 
shore does not present any species, with the exception of Amphileptus 
gigas, which do not occur also at the top. 

Of the ten species occurring at the surface — the Difflugia globulosa was 
found regularly and apparently belonged at the surface as much as at the 
bottom. The Arcella, of which only empty shells occurred, ought, per- 
haps, to be excluded from the list. Actinophrys was not found elsewhere 
than at the surface. The Vorticella was attached to other forms (pas- 
Biveiy limnetic) while the Stentor was doubtless a wanderer from the bot- 
^122, If we exclude Arcella, Actinophrys, and Stentor^ there are left seven 
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species which are undoubtedly pelagic in this lake in midsummer, and it 
is possible that Actinophrys should be added to this class. 

The list of Protozoa occurring in the surface and bottom collections is 
doubtless nearly or quite complete, since the observations were many times 
repeated without revealing additional forms. During July and August 
Zacharias, (94) records 13 forms as pelagic in PlOner See. Of these, 
five, (2 species of Dinobryon, Peridinium, Ceraiium, Codonella) are the 
same species observed by Zacharias or closely related. The other species 
observed by Zacharias were not reported from Lake St. Clair. Thus, evi- 
dently the number of pelagic (limnetic) species in Lake St Clair at this 
season is relatively small. As this is the season at which this portion of 
the pelagic fauna reaches its highest development in PlOner See, it is not 
likely that a greater number of species occurs in Lake St. Clair at any 
other season. 

In addition to the twelve species thus occurring twenty species are 
reported from shallow water among algae. Further observation would 
doubtless have greatly extended this list. 

2. CoBlenterata. 

a. The Sponges: A fresh water sponge (the species could not be 
determined oWing to the absence of gemmules) occurs frequently 
attached to the floating logs within the " boom" of the store mill at New 
Baltimore. Sponges (a species of Ephydatia) attached to the bottom 
were also occasionally brought up in considerable quantities by the dredge. 
They do not occur usually nor abundantly on the lake bottom. 

6. Hvdras: Both Hydra viridis and TTydra grisea are reported 
commonly attached to the vegetation and were not infrequently taken in 
the tow net, where their presence was no doubt accidental. 

3. Worms. 

a. Turbellaria (non-parasitic flat worms): The collection of these 
worms is now being studied by Dr. Woodworth, but no detailed report can 
be given at this time. 

6. Nemathelminthes (thread worms, hair snakes, Acanthocephala): 
Free nematodes were frequently encountered, but the species remain to be 
identified. The parasitic Nemathelminthes are mentioned in Appendix III. 

c. Hirndinei (Leeches): Twelve vials have been sent to Dr. B. 
Blanchard for identification, but his report has not yet reached me. 

d. Oligoehaeta ( Earthworms and related forms) : These have been sent 
to Dr. Gustav Eisen, but his final report is not yet received. He reports 
in a preliminary way " 8 or 9 species principally belonging to purely fresh 
water forms." " It is safe to say that most of these species are new to 
science." 

e. Parasitic Worms (Nematodes, Trematodes. G<^%\iai«^\ ^^^ ^^^x^. 
account of these, and for further detaiVa concetrnxv^ ^^ ^^'v^a^^^ NR^-t:^ss!e»^'^^^ 
Appendix III on the worms. 

3 
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/. The Rotatoria: One hundred and ten species of the Botatoria have 
been identified from Lake St. Glair. Twenty may be distinguished as 
pelagic (or limnetic), the rest as littoral or bottom forms. As compared 
with the list of eighteen pelagic species given by Zacharias (94) ten 
pelagic forms are found both here and in PlOner See; ten species round in 
Lake St. Clair are not reported from the European lake, while eight of 
the species listed by Zacharias have not been observed here. 

In addition to the pelagic forms ninety species of distinctively littoral 
or bottom Botatoria have been observed in Lake St. Clair. Zacharias (94) 
reports in PlOner See but twenty-four in addition to the pelagic forms. 
Probably the littoral Botatoria of that lake have not been specially 
investigated. 

Five species from Lake St. Clair have been described as new to science. 

A complete list of the Botatoria observed in Lake St Clair and in some 
of the inland lakes of Michigan, with more extended notes as to distribu- 
tion and other biological data, as well as descriptions of the new forms, is 
flven in the special report on the Botatoria (Bulletin of the Michigan 
ish Commission No. 3). 

g. Bryozoa: A single species was found in small quantities on the 
aquatic plants in Anchor Bay. We did not find any Bryozoan occurring 
in great masses. 

4. Crustacea: The Crustacea of the lake belong, as elsewhere in fresh 
water, to the groups Cladocera, Ostracoda, Copepoda, Amphipoda, Isopoda, 
and Astacidsd. Those belonging to the first three groups are minute and 
serve largely as food for young fish (Forbes). Those of the last three 
groups are larger forms living on the bottom and among the plants and 
entering to a considerable extent (especially the crayfish) into the food of 
adult fishes. 

a. Cladocera: In an appendix to this paper is given a report on the 
Cladocera by Prof. E. A. Birge. From this I extract the following: 
"Twenty-two species are represented in the collection. This probably 
includes all the pelagic and bottom forms present at this season, but doubt- 
less more extended collections in the littoral vegetation and on the delta 
of the St. Clair river would greatly extend the list of littoral forms." Nev- 
ertheless the list contains two more species than reported by Zach« 
arias (94) from PlOner See. The lake is characterized by the abundance 
of Sida crystallina and Monospilus tenuirostris and by the constant pres- 
ence of Bosmina longispina and the absence of all other species of Bos- 
mina, I wish to call particular attention to the almost constant presence 
of Chydorus sphcericus O. F. M. in the material taken in the vertical net. 
This species which is thus pelagic throughout the lake is represented by 
individuals which are smaller than usual but otherwise not peculiar. 

b. Copepoda: The collection of Copepoda is in the hands of Prof. C. 
Dwight Marsh, who is at work upon a report which will be published as a 
bulletin of the Michigan Fish Commission. He sends me the following 
list of species found in our collection from Lake St. Clair, the Detroit river 
and Lake Erie. 
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I'rom Lake St Clair: 

Diaptomus sicilis Forbes. Cyclops brevispinostia Herrick. 



u 



Ashlandi Marsh '^ pulchellus Koch. 

minutus Lillj. " parens Herrick. 



oregonensis Lillj. " ater Herrick. 

Epischurd Icumstris Forbes. " albidits Jur. 

Ltmnocalanus macrurus Sars. " fluviatilis Herrick. 

" serrulatus Fischer. 

" bicolor Sars. 

From the Detroit river: 

Diaptomus sicilis Forbes. 

" Ashlandi Marsh. 

" minutus Lillj. 

Limnocalanus macrurus Sars. 
Cyclops brevispinosus Herrick. 
Cyclops pulchellus Koch. 

JProm Lake Erie: 

Diaptomus oregonensis Lillj. 
Epischura lacustris Forbes. 
Cyclops brevispinosus Herrick. 

" Leuckarti Sars. 

" fluviatilis Herrick. 

Thus the preliminary examination shows in Lake St. Clair fifteen species 
of free swimming Copepoda. Among these the Cyclops ater of Herrick is 
noteworthy. It occurs in considerable numbers on the bottom. The spe- 
cies was insufficiently described by Herrick and has not, to the knowledge 
of the writer, been recorded by any subsequent observer. A detailed 
description prepared by the writer from living specimens will appear with 
jBlgures in the forthcoming report of Prof. Marsh. One interesting fact con- 
'Cemin^ this species may here be recorded. In color, form, size and move- 
snents it closely resembles a species of Arrenurus (one of the water mites) 
with which it is constantly associated. This resemblance is so close that 
it requires long practice to distinguish the two forms. This is possibly a 
-case of " protective mimicry." 

To the fifteen free living Copepoda must be added two other species of 
that group. 1. A species of Erga^ilus. This semiparasitic form was fre- 
-quently found free in the bottom tow, but never attached. It appears to 
be a new species. 2. A parasitic form probably one of the Lernsaopoda, a 
single specimen of which was found attached to Acipenser, There are 
thus recorded seventeen species of Copepoda. The Floner See list con- 
-tains thirteen. 

c. The Ostracoda occur in abundance over the whole lake among the 
plants of the bottom and shore. The species have not been determined. 

d. The Amphipoda (fresh water shrimps) are represented by numer- 
ous individuals in the vegetation of the shore and bottom. TbA ^^^'^tx^^^ 
Hyalella deniata Smith occurs every wliete. T>q.^ e«^<^^M\w3LV^^ ^^ X^s^-^ 
studied 8o that it ia not known whetner olYiet ^p^cXa^ «t^ ^^^«\^N»* 
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e. The Isopoda are represented by large numbers of the genus Asellus- 
which occur in the vegetation of bottom and shore. The species has not 
been determined. There may be several species or even genera. 

/. The Astacidse (crayfishes) are very abundant in certain parts of the^ 
lake in the neighborhood of the St. Clair Flats. We did not take them 
elsewhere, though the stomachs of fish taken in other parts of the lake often 
contained very many of them. We found only Cambarus propinquus 
Girard, through other species may be present in the lake. It forms an 
important element of the food of certain species of fish (e. g. Amia). A 
new species of Distoma (D, opacum) encysted in this crayfish has been 
recently described by Dr. Ward in the Proceedings of the American Micro- 
scopical Society, 1893, where some points in its life history are also given^ 

6. Hydrachnldse. The water mites of the lake are being worked up by 
Dr. E. BL. Wolcott, and it is intended to issue a special report upon them. 
A very brief summary of the facts collected concerning the members of 
this group is given in Appendix IV. From this it appears that eighteen 
genera containing thirty-six species have been recognized, of which prob- 
ably three genera and a score of species are hitherto undescribed. The- 
species are widely distributed over the lake. In addition to the water 
mites proper, Dr. Wolcott records the presence of a species of homy 
mites (family Oribatidse). 

6. Inseeta: An account of these is given in Appendix IV. The list 
shows seventy-two species, but as these (most of them immature forms)- 
can be identified only by rearing them, they have remained for the most 
part undetermined. The number of individuals in the lake is very great, 
owing doubtless to the broad expanse of bottom vegetation, and they form, 
a most important element of the food of the fishes. 

7. Mollusca: Snails are abundant on the vegetation of the bottom and 
shore, while mussels probably occur over nearly the whole lake bottom* 
Appendix I contains a list of the species and should be consulted for 
details. The identifications are most of them' due to the kindness of Mr. 
Bryant Walker, of Detroit. From this it appears that twenty-three species^ 
of Gastropoda /snails) occur. It is not likely that any have been over- 
looked. They lorm an important element of the food of fishes. Of the 
Lamellibranchs (mussels) twenty-two species are reported — fifteen of the 
genus Unto, two oi Margaritina, three of Anodonta, and two of Sphaerium. 
Although spread over a large area of the lake bottom, these forms are much 
more abundant in certain localities than in others. The Sphaeria are 
small, and important as fish food. The other Lamellibranchs are large,. 
protected by a heavy shell and have the habit of living partly imbedded 
in the bottom. They do not therefore in their mature condition appear to 
possess any imi)ortance as fish food. In their immature condition they 
may enter into the food of fishes, but I do not know that this has been 
observed. Our list thus contains forty-five Mollusca. The PlOner See^ 
list, already so often quoted, contains twenty-one. Owing to the often 
ill-defined limits of our species of Mollusca, the number of them contained 
in any collection necessarily varies with the point of view and experience- 

of the specialist to whom they are submitted. Personal knowledge of Mr- 
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talker's methods enables the writer to say that he has probably not recog- 
nized too many species, he is rather more likely to have recognized too 
iew. 

8. Yertebrata: Many gulls and terns frequent the lake. Two or three 
«pecies of turtles are also present — Chelydra serpentina (L.), Chrysemys 
^narginata (Ag.) — but turtles are not abundant and were never seen in 
<ieep water nor taken in the gill nets. Many frogs also frequent the St. 
Glair Flats and other similar portions of the lake shore. On the whole, 
lowever the shore development is not favorable to either Amphibia or 
Beptilia. 

The following species of fish were taken in the lake. (The names 
are from Jordan's Manual of the Yertebrata, 5th Edition, 1890): 

Acipenser rubicundus Le Sueur, Lake sturgeon. 

Amia calva L., dog fish. 

Lepidosteus osseus (L.) Ag., Gar pike. 

AmblopUtes rupestris (Raf.), Bock bass. 

Ameiuru8 natalis (Le Sueur), Yellow cat. 

Ictalurus punctatus (Baf.), White cat. 

Aplodinotus grunniens (Baf.), Sheepshead. 

Caiostomus teres (Mitch.), Common sucker. 

Moxostoma aureolum {he Sueur), Lake red horse. 

Cyprinus carpio L., Carp (introduced). 

Esox lucius L., Pike. 

Esox masquinongy (Mitch.), Muskallunge. 

Hiodon tergisus Le Sueur, Moon eye. 

Lepomis gibbosus (L.), Pumpkin seed. 

Micropterus dolomieu (Lac6p.), Small-mouthed black bass. 

Perca flavescens (Mitch.), Yellow perch. 

Boccus chrysops (Baf.), White bass. 

Sti^ostedion canadense (C. H. Smith), Sanger. 

Stizostedion mtreum (Mitch.), Wall-eyed pike. 

To these nineteen easily recognized species must be added at least two 
species of minnows not yet determined and a small Teleost, probably an 
JEtheostoma, found feeding voraciously on the Crustacea of the bottom 
vegetation. The whitefish, Coregonus clupeiformis (Mitch.), also enters 
the lake in November. There are thus at least twenty- two species (three 
Ganoids, nineteen Teleosts) in the lake in the summer and one more in 
November — twenty-three species in all. We found no fish eggs, probably 
owing to the time of year. We found frequently in the surface tow a 
smalland very delicate larva of a bony fish — but were unable to rear it or 
to determine the species. 

The contents of 113 fish stomachs belonging to sixteen species were 
collected and are undergoing examination, ft is expected that a bulletin 
will be issued on this subject when the work is completed. A collection 
of 291 stomachs from fishes of the inland lakes is also being examined. 

A summary of the animals and plants of the lake is therefore as follows: 



Crustacea 
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I. Plants. 

Phanerogams! 47 

Characeae 5 

Algae (exclusive of Diatoms and Desmids) 

(fixed 13, free 14) > 27 

Diatoms 15 

Desmids 64-106 — 158 

II. Animals. 

Protozoa _ 32 

Coelentera -.- _ 3 

Turbellaria, at least . 5-6 

Nemertini _ 1 

Trematoda, probably -. 30 

Cestoda, probably _ __ 25 

Nemathelminthes, probably 20 

Hirudinei, probably 10 

Oligochseta, probably >. 8 

Bryozoa--- 1 

Rotatoria 110 

Cladocera 22 

Copepoda - 17 

Ostracoda 1 

Amphipoda 1 

Isopoda - 1 

Astacidsd 1 — 43 

Acarina - 37 

lusecta 72 

MoUusca _ 45 

Vertebrata (fishes) _ _- -. 23 — 465 

~623 

A mere catalogue of the animals and plants of the lake, such as has just- 
been given, is not in itself of great interest. Such a collection of facts- 
becomes of interest and of value in so far as it has a meaning. To under- 
stand how a certain group of animals or plants comes to be in the lake, how 
it maintains itself there, and what changes are produced in it by the inter- 
action between it and its surroundings — these are the things of interest. 
To know such things concerning any fish is to be able to act intelligently 
in any matter concerning that fish; not to know them is to act in the dark 
and to risk every chance of failure. 

For the most part these things are still to be learned, but it has seemed 
to me worth while to make here a somewhat brocwi statement of the rela- 
tionships existing between the animals and plants in such a lake as St. Clair. 

In the first place it is to be said that all the plants draw their nourish- 
ment from the water. They are floating in a nutrient fluid. Even in the 
case of plants rooted to the bottom, the roots serve largely or wholly as 
anchoring organs and not as organs for absorption. The amount of nutri- 
ent Buhs^nces in solution in the water is then, as already pointed out, prob- 
sbJjr the most important element in determing the yield of the lake in 
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plants. The amount of such substances is in its turn dependent upon the 
fonn of the lake, its shore development and upon the character and extent 
of the lake basin. 

In the second place all animals are dependent upon the plants for their 
food. The may be directly dependent, using plants exclusively as food, 
or they may be indirectly dependent, using as food other animals, which 
are in their turn dependent on plants. 

I bring together here a few statements as to the food relations of some 
fresh- water animals taken largely from Sehgo (90). 

Insect Larvae : Ghironomus larvce are common on the bottom \ there is 
one, the large red Chironomus larva, very common on the bottom in deep 
water, which is eaten by certain fish. The larva itself feeds upon minute 
plants (Profococcus, Diatoms) and upon the remains of decayed plants. 
It is eaten by carnivorous insect larvae of the following groups: Ephe- 
meridse; Perlidse*, Sialadse; Libellulidse •, Phryganid larvae without tubes; 
water beetles; and also by Planarian worms. 

Phryganid larvae with tubes (Caddis-fly larvae) feed mostly on living 
plants, but have been seen eating dead fish and snails. They are eaten by 
fish and crayfish. 

Bugs: Nepa is a plant eater; Notonecta and Naticoris attack fish larvae. 

Hydrachnlds are for the most part carnivorous. 

Grastacea : The Crayfishes eat almost any vegetable or animal matter 
whether dead or living. They are largely eaten by fish. 

Amphipoda (Gammarus) frequently eat Copepoda (Cyclops). They are 
eaten by fish. 

AselluSy lives on the organic constituents of the bottom ooze. 

The Copepoda Kve mostly on unicellular algae (diatoms and Chroococca- 
ceae). DeGuerae and Richard make such a statement for Calanidae. 

The Cladocera hve also principally on unicellular algae. (Apstein 
92, makes the statement for Daphnidae.) Both Copepoda and Cladocera 
,are taken as food by most fish larvae (fry). The Cisco or herring of our 
inland lakes also feeds upon the Cladocera and Copepoda of the plankton, 
I have observed this in Wabasis Lake, Kent Co., Mich. Probably the 
herring of the Great Lakes has the same habit. The herriig of the Great 
Lakes in its turn is stated by fishermen to form a large part of the food 
of the lake trout. 

Mollnsca: Snails eat the living tissues of higher plants. They are in 
turn eaten by leeches (Nephelis, Clepsine), These leeches are in turn 
food for fishes. 

Lamellibranchs (Anodonta, Cyclas, Pisidium) : live on the organic con- 
stituents of the bottom water and bottom ooze. 

Worms: Tubifex lives on the organic constituents of the bottom ooze. 
No doubt this Ust could be largely extended by a careful examination of 
the literature, but it is sufficient for the purpose. 

In the following table (p. 24) I have attempted to express a part of the 
imperfectly known relationships existing between the various groups of plants 
and the invertebrate animals on the one hand and the fishes on the other 
hand. I do not know that any of our native fish live directly upon 
plants. 
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• 

It is quite impossible to understand a fish so as to know hoW' to deal 
with it intelligently without knowing its food. We are thus led back step 
by step until we come to the plants and from them we go to the chemistry 
of the water and from this to the character of the lake basin and its geolo- 
gical history. From the merest practical point of view I am unable to see 
where we can stop in our investigation short of a complete knowledge of 
all the chain of relations which extend from soil of the lake basin upward 
to the mature fish. 

QUANTITATIVE PLANKTON WORK. 

After six weeks spent in the determination of the lake fauna and flora 
the attention of the laboratory staff was turned in large part toward the 
question of the distribution of these forms and toward measurements of 
the total volume of minute animals and plants found in a given volume of 
water. For this purpose twenty-one stations were selected. Fift^n of 
these were in Lake St. Clair. Since the time was limited these fifteen 
stations were located on the American half of the lake and were more 
numerous in the neighborhood of the fishing-grounds. Their distribution 
is shown on the accompanying chart. It will be noticed that while they 
are not scattered over the entire lake, they represent all the conditions of 
bottom, shore, and depth that are to be found in the lake. Any conclu- 
sions concerning them probably hold for the entire lake. Three stations 
were located near the head of the Detroit river, while for the purpose of 
comparison three others were located in the western end of Lake Erie. 

At each station the various forms of nets were used and the collections 
made were preserved. Their study will determine the distribution of 
the animals and plants. In so far as this distribution has been determined 
it appears in the special reports Appended to this article and in the 
bulletins already referred to. 

An attempt was also made to measure at each station the quantity of 
minute animals and plants floating free in the water under each square 
metre of surface.* No methods have yet been devised for determining the 
quantity of the animals or plants that are attached to the bottom or that live 
upon it. Measurements are therefore to be made only upon those forms 
that are found floating free in the water. There is reason to believe that 
whitefish fry (and probably the fry of many other young fish) feed for a 
time upon the minute animals (Crustacea) floating free in the water 
(Forbes 83). Thus it becomes at once a question of great practical 
importance to know where these Crustacea are to be found in greatest 
numbers, so that the whitefish fry may be planted in such localities. 
Such measurements have also a very high scientific interest. 

Quantitive determinations of the living forms in the water have not 
been previously undertaken in this country and its methods are almost 
unknown among us. They have been carried out on a large scale by 
Prof. Victor Hensen of the University of Kiel. Hensen has examined the 

* The name plankton has been given by Hensen to all those animals and plants which are f onnd float- 
ing free in the water, and subjected to the action of waves, currents or tides. Thus adnlt fish do not be- 
long to the plankton, since they are able to move abont independently of waves or currents. Fish eggs 
axid young fish fry are reckoned as a part of the plankton. The constitution of the plankton varies, since 
oooasionally forms which belong on the shore or bottom wander into the free water and become a part of 
the plankton. 
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waters of the North Sea and more recently those of the Atlantic Ocean 
and has perfected very ingenious apparatus for the purpose. Apstein, a 
pupil of Hensen, has adapted this apparatus for use in fresh water and has 
made a careful study of several fresh water lakes in the neighborhood of 
Kiel. 

As it was found necessary for work in the Oreat Lakes to modify the 
apparatus and methods used by Hensen and Apstein, I give here a some- 
what detailed account of our procedure. 

The net used for this purpose is shown in the accompanying plate (PL 
figs. 1 and 2. ) The upper part of the net consists of a truncated canvas cone 
(en.) supported on an iron framework. This cone is about 40 cm. high; 
the smaller end has a diameter of 40 cm. and the larger end a diameter of 
60 cm. It is impervious to water and serves two purposes. When the net 
is let to the bottom it prevents the mud which may be upon the bottom 
from getting into the net and while the net is being drawn up it prevents 
its contents from spilling over the edge, a thing which might otherwise 
happen with a boat pitching in a heavy sea. 

Froiii the iron ring which supports the broader end of the cone depends 
the net proper (nt). The net is a cone with a slant height of about 100 
cm. It consists of No. 20 silk bolting cloth, a very strong fabric which 
contains many very small openings nearly uniform in size.* This cloth or 
gauze has the further advantage of not undergoing changes in water and 
of not yielding any lint to contaminate the plankton. The outside of the 
gauze net is protected by a twine net of inch mesh which serves to take up 
the strain on the gauze net when it is drawn through the water. The 
lower end of the gauze net does not run to a point, but is truncated and 
attached to a flat metal ring. To this ring there is attached a bucket (bk.) 
which is shown separated from the net in fig. 2, A. In order that the 
weight of the bucket may not be borne by the net six stout cords (crd.) 
run from the upper net ring to the lower net ring and are made of such 
length that they support the weight of the bucket. The bucket is essenti- 
ally a metal cylinder about 6 cm. in diameter inside and 6 cm. deep. It is 
supported on three legs. At the top it is arranged to be attached to the 
bottom ring of the net by means of three binding screws. The sides of 
the bucket are cut away as much as possible so as to leave only six narrow 
strips of metal and the windows thus formed are filled with gauze like that 
of the net. The bottom of the bucket is conical and has at its middle an 
outlet tube, closed by an accurately fitted plug which may be removed 
from the inside. This plug is shown separately at fig. 2 B. 

The whole net is suspended by means of three cords from a support 
consisting of three radiating arms. At the junction of the three arms is a 
strong iron ring from which runs a rope by means of which the net is 
drawn up. The rope is divided into feet or fractions of a metre so that 
one may read ofif the depth to which the net descends. By holding in the 
band the triradiate support from which the net bangs the latter may be 
kept from twisting on the supporting rope. 

In working a spar is lashed to the upper deck of the steamer, so that its 
end extends about four feet beyond the side of the vessel. To the end of 
the spar is lashed a pulley through which the net rope runs. The net is 
then allowed to sink. In going down it takes in no water except that 
which is filtered througrh the gauze. It is sometimes let to the bottom and 
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sometimes to a depth of only IJ, 3, 4, or 6 metres. It is then drawn up by 
hauling in the rope hand over hand. The net is always hauled up by the 
same person, while another person makes note of the number of 'seconds- 
between the time it leaves the bottom and the time the top of the canva& 
cone reaches the surface. From this time the velocity of the net is deter- 
mined. The net has thus strained a vertical column of water. The base 
of this column has an area equal to the area of the net opening, while the 
height of the column is the distance through which the net was drawn. 
The net is now drawn out of the water and allowed to hang at the end of 
the spar while the water drains out of it. At the same time a stream of 
water from a hose is turned onto the outside of the net. This water passes 
through the net gauze to the inside of the net. It is thus strained by the^ 
gauze so that it does not add anything to the material captured in the net. 
This water washes down all the plankton into the bucket beneath. 

After the water has partly drained out of the bucket the binding screwa 
Ave loosened and the bucket is removed and taken into the cabin. Here 
nearly all the water is allowed to drain out through the gauze sides of the- 
bucket and the plankton adhering to the inside is washed down into th& 
conical bottom by means of a stream of filtered water from a wash bottle. 
All the material taken in the net is thus collected into the conical bot- 
tom of the bucket. A small glass beaker is then placed beneath the tube 
in the bottom of the bucket, the plug is removed and the plankton falla 
into the beaker. The inside of the bucket and the plug are then rinsed 
several times in filtered water, and the rinsing water is added to the 
material in the beaker. The small quantities of material obtained necessi- 
tates great care in handling it lest some of it be lost. The substitution of 
a ping in the bottom of the bucket for the stopcock used by Apstein is 
believed to be an advantage in that it allows the inside of the tube to he 
rinsed with greater thoroughness. 

The small quantity of material now in the beaker contains very minute 
forms. If this material be turned into a bottle of some fixing or killing 
fluid, and if this fluid be afterward poured off and alcohol substituted for 
it, some part of the material is likely to be poured off and lost. After 
much experimenting we finally hit upon the following device for preserv- 
ing the material. 

A short 6-drachm homeopathic vial has its bottom removed and edges 
annealed. The bottom is then closed by tying over it with fine silk thread 
a piece of the No. 20 gauze such as is used for the net. The contents of 
the beaker are poured into this tube, and by a gentle tapping of the tube 
with the forefinger of one hand while holding it between the thumb and 
forefinger of the other hand, the water is made to filter very rapidly 
through the gauze bottom leaving the plankton in the tube. Before all the 
water has filtered away a label is placed in the tube and the open end is 
closed by tying over it a piece of the gauze. The tube (see Fig. 3) is then 
placed with other tubes in a large bottle of fixing fluid (we use alternately 
Flemming*s solution and Kleinenberg's picro-sulphuric acid). The tube 
is then passed through successive grades of alcohol (preceded by water in 
the case of the use of Flemming's solution)* and is finally preserved in 82 
per cent alcohol. In passing the tube from one fluid to another it maybe^ 
emptied of its fluid by forcing the air into it by means of a pipette held 
against the gauze at either end. When tlie Ixjfc^ ^T£i^\Afe^ ^^ ^^wa^ *§s;^i?^Sar 
placed in the next fluid it may be filled \>7 \mm^TO\Ti^ Vt va^ *<^^ ^^"^^^^^^^^ 
removing with a pipette the air pre^ioxxA^ Iotc^Sl m, 'T^'^ ^asivfe'^^^ 
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not pass through the gauze used in closing the ends of the tube. This 
method prevents the loss of plankton in the manipulation and it also saves 
much time and enables one to pack many tubes of plankton in a single 
large vessel. 

When the plankton has been preserved in the tubes they are taken to 
the laboratory in order to continue the work. Here the contents of each 
plankton tube are measured in the following manner: The gauze is 
removed from one end of a tube and carefully rinsed free from any adher- 
ing plankton. The alcohol used in rinsing is placed in a beaker and the 
contents of the tube poured into the beaker. The tube and the other 
gauze are thoroughly rinsed and the rinsings placed in the beaker. The 
contents of the beaker are now turned into a tube graduated to tenths of a 
cubic centimetre. This tube is allowed to stand twenty-four hours in 
order that the lighter constituents of the plankton may settle, and the vol- 
ume is then read off and recorded. 

The area of the opening of our net (the upper end of the canvas cone) is 
1,237.86 square centimetres. If the net has been drawn a distance of one 
metre (100 centimetres^) it has passed through a column of water containing 
1,237.86 X 100, or 123,786 cubic centimetres of water. If the net actually 
strained the whole of this column of water, the plankton contained in the 
tube would be the amount of plankton contained in 123,786 cubic centi- 
metres of water — or if the net has been drawn from the bottom and the 
water is but one metre deep it would be the amount of water contained 
under 1,237.86 square centimetres of the surface. The net does not, how- 
ever, strain the whole of the column of water through which it passes. A 
part of this water is strained, while another part is forced aside by the 
resistance of the net. The net may thus strain only one-half of the column 
of water through which it passes and the plankton taken would then be that 
contained in one-half the column of water traversed by the net. In order to 
get the volume of plankton in the whole column of water traversed by the net, 
it would be necessary in this case to multiply the volume taken by 2. This 
number is called the coefficient of the net. The coefficient varies with the 
velocity of the net. The method of determining the coefficient of such 
nets has been very ingeniously worked out by Hensen (87) and is dis- 
cussed in an appendix of this paper, in which there is given a table show- 
ing the coefficient of our net at different velocities and the total correction 
to be applied in using it. The coefficient of our net for velocities between 
50 and 75 centimetres per second, varies from about 2J to about 2. 

The volume of plankton taken multiplied by the net coefficient gives the 
volume under 1,237.86 square centimetres of the surface, reckoning from 
the depth from which the net is drawn. In order to make comparisons 
with the work of other observers it is customary to state the results in 
terms of the volume of plankton under one square metre of the surface. 
The area of our net is about one-eighth of a square metre, so that the vol- 
ume of plankton under one square metre is obtained by multiplying by C 
(more accurately by 8.08). Thus the volume of plankton taken multiplied 
by a number (about 2) representing the coefficient of the net, and also by 
another number (about 8) gives the total volume of plankton under one 
square meter of surface. It is more convenient to make the two correc- 
tions at one time and to multiply the volume of plankton taken by a num- 
ber (about 16) which represents the total correction to be made. 

Tj&e fol lowing table ehowB the results obtained by us: 

-^ A centimetre ia ,3036 of aa inch linear, A meter is 103 cenUmettes, ot ?»."» Viio\i«& Y^^as. 
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The first column contains the dates, the second the arbitrary number 
given to each haul of the net. The Eoman numerals in the second column 
indicate the number of the station. Two hauls were always made from the 
bottom; one of these distinguished by the letter "Q" is intended to be used 
for qualitative work. The other bottom haul is indicated by the number 
of the station only. The small arabic numerals affixed to the remaining 
station numbers serve to indicate the diflferent hauls which do not reach 
the bottom^ the number 2 indicating the haul made from the greatest 
depth. These differ from one another usually by a metre and a half. 

The third column gives the depth of water and the fourth the depth 
from which the net was hauled. When the net is hauled from the bottom 
the depth from which it is hauled is reckoned from the top of the canvas 
cone. It equals the depth of the water minus the height of this cone. The 
fifth column gives the velocity of the net. The sixth, seventh, and eighth 
columns give the temperature of air and water. The ninth and tenth the 
condition of sky and water. The last three columns give in turn the volume 
actually taken, the volume under one square metre of surface and the 
volume per cubic metre of water, all expressed in cubic centimetres. The 
numbers in the last column are obtained by dividing the volume per square 
metre of surface by the depth of the haul as shown in the fourth column. 

The table includes all the data recorded at the time of making the haul. 
I have been unable to see any effect on the distribution or amount of 
plankton, arising from the very shght variations in temperature, or from 
the variations in the condition of the sky and water. The record of these 
variations appears in the table for the reason that they may in the future 
be found to have some meaning. 

An examination of the table yields the following general statements : 

1. The volume of plankton in Lake St Clair is relatively small. "We 
made altogether 27 * hauls from the bottom in Lake St. Clair, two hauls 
being made at every station after the first. 



Number of station - - - 


I. 


II. 


III. 


IV. 


V. 


VI. 


VII. 


VIII. 


rx. 


X. 


XIII. 


XIV. 


XV. 


XVI. 


Ave. 


Volume of Plankton inl 
cubic centimetres per > 
cubic metre of waterj 


4,97 


1,44 
2,68 


2,76 
8,89 


2.01 
2,01 


2,74 
3,62 


2,29 
8,08 


3,69 
3,69 


2,70 
3,01 


2,64 
2,39 


4,16 
4,16 


4,79 
3,97 


3,60 
8,31 


1,80 
2,42 


1,90 
8,83 


} 3,03 



The above table shows the amount of plankton per cubic metre of water 
for the bottom hauls at these stations — as shown in the last column of 
the general table. From this it appears that there is an average at this time 
of year of 3.03 c. c. of plankton to each cubic metre of water in the lake. 

I know of no measurements of the volume of plankton in other North 
American lakes. In Europe we have the very careftil work of Apstein. 
He has recently summarized the results of an examination of eleven lakes 
in Holstein (see Apstein 94). On the second page of this article the vol- 
ume of plankton per square metre of surface is given for each of these 
lakes at approximately their deepest points. He divides the lakes into two 
groups, the plankton-rich and the plankton-poor. Dobersdorfer See is an 
example of the plankton-rich lakes. In September, 1892, it contained 124^ 

* Haul XI ft was made among water plants and \b t\i«tQtoT« tloX. ^^v^^a^^^. 
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c. c. of plankton per square metre of surface at a depth of 20 metres, i. e., 
62.1 c. c. per cubic metre of water. This is more than twenty times the 
amount contained in Lake St. Clair at the same season. Great Ploner See 
may be taken as an example of the plankton-poor lakes. In September it 
contained at a depth of 40 metres as the average of two hauls, 200 c. c. of 
plankton per square metre of surface. That is 5 c. c. per cubic metre of water 
or considerably more than is contained in Lake St. Clair. Apstein does not 
record observations in the month of September in any of the other lakes. 
The smallest haul that he records was made in Behler See in June at a 
depth of 40 metres and yielded 1.9 c. c. of plankton per cubic metre of water. 
In July this lake yielded about 3 c. c. per cubic metre of water and in Sep- 
tember its yield would probably have been still greater. The smallest bottom 
haul recorded in Lake St. Clair is 11^ which yielded 1.44 c. c. per cubic 
metre of water. It is thus evident not only that Lake St. Clair is planJcton- 
poory but that it contains less plankton than any other lake yet examined. 
As pointed out by Apstein the plankton production of a lake does not seem 
to be a question of temperature simply. Thus the temperature of Lake 
St. Clair in September is 17^ to 18® C. and this is also the temperature of 
most European lakes at this season. The causes of differences in plankton 
production are obscure but I am incUned, with Apstein, to seek them in large 
part in the composition of the water. 

n. The plankton is distributed over Lake St. Clair, with great unifor- 
mity. To determine the question as to whether the the mass of organisms 
in a lake are, considering them as a whole, distributed uniformly over 
the whole area of the lake, it is desirable to make a large number of hauls 
of the plankton net from the bottom and in as short a space of time as pos- 
sible. The ideal arrangement would be to have a large number of nets hauled 
at the same instant in different parts of the lake. Since this is not practi- 
cable, the next best arrangement is to haul the same net several times in one 
place and then to repeat this procedure at other places within as short a time 
as possible. We made always two bottom hauls in succession and all our work 
with the plankton net in Lake St. Clair was done between the 6th and 14th of 
September, that is, within a period of seven days. We have thus, as it seems to 
me, fulfilled the conditions as nearly as is possible by the use of a single net. 

If local accumulations, ^'swarms", of the plankton are numerous it should 
happen that, of two hauls made at one place and at about the same time, one 
of the two would often include such an accumulation white the other would 
not*. The volumes yielded by the two hauls would thus differ widely. For 
pui'poses of comparison the differences may be best expressed by finding by 
what percent of itself each of the two hauls differs from the average of the two. 

In the following table I have brought together the volumes per square metre 
of surface for the bottom hauls made at each of the Lake St. Clair stations 

* It should he noted however that an accununolation of the individuals of one or more species may 
he present and not produce any variation iu the total volume, since such accumulations of indivi- 
dual species may he compensated for by a corresponding absence of other species. Such accumu- 
lations of individuals could be best made evident by counting. It should be further noted that bottom 
hauls of the vertical net cannot detect the presence of plankton accumulations if these are formed 
by vertical migration from a condition of uniform distribution : since in such case all vertical columns 
of water of equal dimensions and extending from surfarce to bottom must contain equal volumes of 
plankton. For the detection by the vertical net of plankton accumulations formed by vertical mlgra- 
tjon it is necessaiy to compare nearly contemporary hauls which do not reach the bottom ; even in 
tAjS9 case sncb accumulations m&y be so located ana so formed as to remain nndeteeted. 
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and that at Station XVO in the Detroit river. Following Apstein, I have 
found the average of the hauls made at each station and then calculated the 
percentage of variation of each of the hauls from this average. These percen- 
tages are given in the last column of the table. 



Number of haul. 



Depth. 



Volumes 

per square 

metre of 

surface. 



Average. 



Percentage 
of 

difference 
from the 
average. 



n . 



m<i 
m 

IV Q 
IV 

V<1 



VI<1 . 
VI . 

VII Q 

vn 

vmQ 
vm 

IXQ 
IX 



XQ 
X 



xniQ 
xni 

XIV <i 

xrv 

XV <i 

XV 

XVI <l 
XVI 



XVIUQ 

xvnr<ia 

XVIII 



5, 
5, 

5,54 
5,54 

2,50 
2,50 

5,26 
5,26 

4,7 
4.7 

1,17 
1,17 

4,44 
4,44 

4,28 
4,28 

1,50 
1,50 

2,21 
2,21 

2,89 
2,89 

5,17 
6,17 

4,55 
4,55 

1,27 
1,27 
1,27 



7,191 
13,38 J 

15,27 1 
21,65/ 

6,02 \ 
5,02/ 

14.40 \ 
19,04 / 

10,93 \ 
14,69 / 

4,82 1 
4,32/ 

11,99 1 
13,36 / 

10,88 t 
10,22 / 

6,231 
6,23/ 

10,59 1 
8,76/ 

10.41 I 
9,56/ 

9,291 



12,50 

8,65 
10,61 



8,65 1 




10,29 

18,41 

5,02 

16,72 

12,81 

3,32 

12,68 

10,55 

6,23 

9,68 

9,99 

10,895 

9,68 

7 



,023 J 



43,1 
23,1 

20,6 
14,6 




16,1 
12.2 

17,1 
12,8 





5,7 
6,1 

3,0 
3,3 




8,6 
10,4 

4,1 
4,4 

17,3 
12,8 

11,3 
9,3 

,9 
14,6 

10,5 



Excluding U^ the remaining hauls show the following variations: 



The variation in 11 hauls hes between and 5% 

U U U A U U U ei ^^A 1A0/ 



u 
a 
u 



u 



u 



u 
u 
u 



4 
8 
3 
2 



u 
u 
u 



u 

u 



u 

u 



26 hauls, 1 bet 
'o of / 0- 



or 907 
29 hauls 



between 

207o 



6.1 and 10% 

10.1 and 157^, 

16.1 and 207o 

20.1 and 257o 

Total 28 

Thus 90 per cent of the hauls show a variation of not more than 20 per 
cent froin the average, while none of the twenty eight shows a greater varia- 
tion than 25 per cent. This result agrees very well with that of Apstein (92). 
The opening of the net used was sufficient (1,238 square centimetres) so that 
if swarms had been present in any of these hauls they should have made them- 
selves evident in the volumes. The variation of 43 per cent which appears in 
haul IIq is, possibly, sufficient to be referable to a "swarm". 

We have not undertaken to count tVi^ oic%«i.TCL«ai'e»\sL*OftfeN^ 
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not therefore aay whether the number of indiTiduals of each species shows as 
great unifomiity of horizontal distribution as the volmnes. 

This lake is peculiar in the existence in it of currents produced by the large vo- 
lume of water flowing through it. It may be urged that the absence of "swarms" 
in it is due to the existence of these currents which would have a tendency to 
break up these "swarms" and distribute their constituent individuals. It seems 
to me, however, that this objection cannot be urged and for two reasons : 

1. There is almost every possible variation in velocity of current from a 
velocity which at the mouths of the channels may be four miles an hour to 
one which, in Anchor Bay and near the center of the lake, is only to he de- 
tected by the use of instniments. Yet under none of these conditions did we 
find "swarms", produced by horizontal migration. 

2. The mechanical effect of the numerous and varying currents present in 
this lake would seem to me to favor the accumulation of any floating matter, 
as the plankton, in eddies and other similar places. Snch accumulation of 
both floating and submerged objects is a familiar sight in rivers. Id the 
ocean Haeckel (91) has pointed to currents as the causes of "swarms". In 
spite of the existence of diverse currents in Lake St. Clair, we have not found 
"swarms", of horizontal migration. 

On the other band, the large area of the lake, coupled with its shallowness, 
gives opportunity for the development of large waves, which probably agitate 
the water to the bottom. Such agitation doubtless favors the breaking up 
of "swarms" and the uniform distribution of plankton.' 

HI. There is much more plankton in the surface stratum of water than in 
any deeper layer of equal volume. In all of our hauls in Lake St. Clair, where 
the water was deep enough, we distinguished three or four strata as follows: 

1. A superficial stratum from 1.5 metres to the surface. 

3. An upper middle stratum from 3 metres to 1.5 metres. 

3. A lower middle stratum from 4.5 metres to 3 metres. 

4. A deep stratum from bottom to 4.5 metres. 

In the following table I have brought together the volumes per square metre 
of sur&ce made at each' of the stations in Lake St. Clair and at the two in 
Lake Erie, All volumes in this and the following tables are expressed in 
cubic centimetres: 



Nomber of station 


n. 


m. 


T. 


VI. 


VUl. 


IX. 


XV. 


XVI 


xa. 


xs 


xs. 


l,Bni,-0. 


10.(1 


1B,S 


11,1 


a. 


f'.i 


1,6 


1,6 


',1 


M,l 


3U,3 


- 


s m.-0. 


11.6 


17,7 


103 


15,6 


11, 


11,7 


10, 


«,B 


M,B 


40.4 


- 


4,B m.— 0. 


lO.B' 


1B.4 


1B,7 


11,8- 


li,7' 


I 


1S,9 
10,0 


B,a' 


- 


|.>,. 


U— OUl. 




- 


- 


- 


- - 


- 


- 1 - 


- 


■"■" 


»,«-«. m. 



In the horizontal columns are given the volumes contained in columns of 
water from 1.5 metres to the surface (1.5—0), from 3 metres to the surface 
(3—0), from 4.5 metres to the surface (4.5—0), and from 6,5 metres, or the 
bottom, to the surface (5.5—0). If, now, following the method of Hensen 

' See note on pace 40. 

* Stsliao t is omitted beoaase the strata et tbiB station vere not made nnilonD with liiosg >t tbe 
other atatioDB. 
>. 1. i. ■< _ Tlieae baala are from the bottom; the depths in tbe order named ace B, 4,71, 4,44 and 
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and ot Apstein, I subtract the plankton of the column I.S— &om that of 
the column 3—0, I obtain the plankton of the column 3—1.5— that is 
of the upper middle stratum, as above defined. Similarly, the subtraction of 
the plankton of column 3-0 from that of the column 4.5-0 giyes that of the 
column 4.5—3, or that of the lower middle stratum. The subtraction of the 
column 4.5-0 from that of the column 5,5—0 gives the plankton of the deep 
stratum as above recognized. 

In the following table these subtractions are carried out and the yo- 
lumes for the stratum 1.5—0 are taken directly from the preceding table. 



U. I III. 



from this table it appears: (1) That the upper stratum contains a much 
larger volume of plankton than any of the others. (2) That there are no con- 
stant differences between the volume contained in the upper middle, lower 
middle, and the deep strata as here defined. Thus in V the result for the 
stratum 3—1.5 is negative, and the same result appears in the stratum 4.5—3 
under HI and VI. The numbers representing the volumes in each of the 
lower strata also vary greatly. At some stations the figures indicate an in- 
crease of volume as we approach the bottom, in others a decrease.* 

In order to analyze the difference which exists between the superficial stra- 
tum and the sum of those beneath, I have brought together in the following 
table the volumes per square metre of surface at all the Lake St. Clair and 



No. of sliition - - - 




u. m. 


IT. 


T. 


VI. vm. IX, 


xin 


XIV. 


sv. 


xvL xrs. 


XX. 


1^0 


s;. 


10,3 


16,8 


S.1 


11,1 


8, 


«■■» 


J,S 


1.1 


«fi 


u 


^•^ 


«,. 


M,B 


Bottom -0. 


jfl,* 


ift,fl 


18,1 


t. 


ta,7 


li,8 


1S,J 


lft,S 


tl,7 


in. 


1(1,6 


fl.« 


67,* 


40,8 


"SnS'.sr 


.7 


ih 


w 


.,. 


.,. 


-.,. 


4A 


4.0 




V 


.,. 


J\.. 


8,1 



Lake Erie stations having a depth of more than 1.5 metres. I have used all 
the figures to the nearest tenth. The horizontal column 1,5-0 gives the vol- 
umes obtained by hauling the net from the depth of 1.5 metres, while the co- 
lumn bottom —0 gives the volumes obtained bjhaulingfrom the bottom. In this 

column I have used the average volumes as shown in the the table of averages. 
If, now, I subtract the volumes of the column 1.5—0 from those of thecolumn 
bottom >-0, 1 shall obtain the volumes contained in columns of water extending 
from the bottom to a depth of 1.5 metres (bottom —1.6). By so doing I distin- 
guish two strata, a superficial as before {1.5—0) and a deep (bottom to 1.5). 



great 



alive niunben far the deeper alrat& of this table tempt to the forllier diacUBaion of gvamiB, 

^ -josa of vertical migration. The nambers show clearly inequalities of diBtribatloD, bnt the 

itest of these does not ueoeaaarllr involve a variation of more than!lAiVo(aa between hanls Ilt*a~* 
— '-inly not a eonaiderable swarm. The data do not Beem tf "-^— ■ ■- ^ 
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In the following table this Bubtraction is carried out and the Tolnmes contai- 
ned in tbe superficial stratum are transferred directly from the preceding table. 


No. of sluttoiL . - - I. n. 

1 { 


III. 


IV. 


V, 


' 


VIII. 


IS. 


XIII, 


XIV. 


XV. 


SVI. 


xis 


XX. 


'.6-0 

Bottom— l,S ■ 


30,1 




16,8 
S,8 


1.8 


11,1 

6,8 


a, 

*,8 




1^ 


1,1 
»,8 


efi 


a,* 


5,1 


M,l 
1»,B 


a8,a 

4,6 


ThioknoBa In metres 
of desp atratum - - 




3,6 


■*. 


1, 


s,a 


S,B 


3fi 


3,8 


,' 


h* 


a,7 


*.» 


S,9 


B,B 



The lower horizontal column gives for each station the thickness of the 
deep stratum in metres, as obtained by subtracting from the depth of the 
bottom haul the thickness (1.5) of the superficial stratum. In this table the 
superficial stratum is 1.6 metres thick while the thickness of the deep stra- 
tum varies as shown in the lower horizontal column. 

In order to compare the strata with one another, I must express the qtuin- 
titj of plankton in volumes per cubic metre of water. To do this I divide 
the volumes as given in the line 1.5—0 bj 1.5 and those given in the line 
bottom to 1.5 by the numbers which are given in the lower line and which 
express the thickness of the deep strata at the various stations. The results 
of this division to the nearesttenth appear in the following table: 



ND' at station ■ - - 


I. 


„. 


m. 


IV. 


T. 


VI. 


v,„. 


IS. 


xin. 


XIV. 


XV. 


XYI 1 XIX. 


XX. 


1.5-0 

Bottom-i,s 


4,0 


efi 


10,B 
,86 


1.0 


1,B 


fl,S 
1,6 


... 


.,. 


1,1 




6, 


.,,|!«,. 
.||-.. 


,85 


Depth in metTBS - 


.,. 


B, 


B,B 


8,5 


S,3 


... 


... 


,,. 


,., 


>,. 


... 


...| ... 


... 



It thus appears that there ia a much larger volume of planrtonin the s 
ficial stratum than in any equal part of the deep stratum. It is also evideat 
from this table that, in the superficial stratum, the absolute volume of plank- 
ton per cubic metre of water is nearly the same at all the deeper L^e St. 
Clair stations. With the exception of station IH this volume does not vary 
greatly from 6 c. c. This uniformity is remarkable in view of the variations in the 
conditions of light and weather for the different hauls. 

In order to avoid fractions I may multiply each of the volumes in the above 
table by 1000 and the figures thus obtained express the volume in cubic mil- 
limetres instead of in cubic centimetres. This multiplication is carried out in 
the following table : 



No. of station - - - 




.. 


ra. 


IV. 


T 


,.. 


VUI 


- 


XIII. 


XIV. 


XV. 


XVI, ■ XIX. 


XX. 


1,6-0 - 

Bottom— 1,6 


BtWft 


esoo 


10600 

sao 


im 


7400 


6SM 


em 


etflfl 


4700 
STOO 


«M 


MOO 
SOO 


4700 
BOO 


M400 


tma 


Deptb in nietreB - 


B,T 


•■ 


6,6 


a,B 


s,» 


■1,8 


4.4 


.,. 


S,S 


1,9 


6,» 


4,8 1,4 


B,l 
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Id order to see the relation between the volume in the aaperficial stra- 
tum and that in the deep stratum, the volame given for the deep stratum at 
each station may be taken as I and both volumes given for that station may 
be divided by it. The results of such divisions appear in the following table: 



No. of BtBtion - - - 


.. 


n. 


m. 


,.. 


T. 


VI. 


vm. 


m 


xm. 


XIT- 


XV. 


XTI. 


XK. 


xs. 


l.B-0 

BoUom-1,6 


1,3 


«• 


", 


... 




3,B 


G,; 


ifi 


i,s 


',1 


6,6 


6.9 


8,4 


ti,a 


DBptli in tnetraa - 


11,7 


fi, 


't 


>Ji 


„ 


1,T 


i,i 


M 


s,s 


ifi 


« 


4,fl 


i,i 


B,4 



From this table it appears that at Station I there was 1,2 times the volume 
of plankton in each cubic metre of the surface stratum as in an equal part of 
deep stratum, while at Station III there was 16 times as much. Stations IE 
shows au enormously greater quantity in the superficial stratum. These two 
stations were in deep and comparatively clear water and they are also the 
stations in which the deep hauls show the greatest amount of difference from 
the average. Whether there was at these two stations a local accumulation 
of plankton at the sur^ce, i. e., a swarm, due to vertical migration or whether 
at this time the plankton was accumulated at the surface uniformly over the 
whole lake, can not be satisfactorily determined from our observations. The 
observations at Station IV were made on the same day, but the water is here 
much shallower and there is therefore, not so much plankton to be accumula- 
ted at the surface. It would require more observations than we made at these 
two stations and others in the immediate neighborhood to determine the cause 
of the enormous difference between the surface and deep plankton. The diffe- 
rences at the other Lake St. Clair stations do not cover a very wide range, 
running from 1.3 to 7.4. 

IV. There is about three Hmes as much plan}ct<»t in Lake Erie in the neigh- 
borhood of Put-in-Bay Islands, as in Lake Si. Clair. The average of the Lake 
St. Clair stations is 3.03 c. c. per cubic metre of water. The four bottom hauls 
made in Lake Erie in the neighborhood of the islands are as follows : 
XIXq 9.21\ 

XIX 17.05( . 

XX 4 81? '^'^'^88 8.98 

XX« 4.86) 

These hauls were made on a day following a severe gale. As a result of 
this the water of the lake was nearly everywhere roiled as far as one could 
see. The wind was from the northwest and the hauls were made in the lee 
of islands, in situations where the water had not been roiled by the waves, but 
was as clear as usual. 

At Station XXI, which was selected so as to be at a distance from the land, 
there was found in water 9.4 metres deep, 1.14 cubic centimetres of plankton 
per cubic metre. 

It seems tints that the relative abundance of plankton in. l^ikx:. ^ic>%^$:^ 
not extend over the whole lake but \r conSmei ^ttifQe^ V> *&«. -t«^ss&- **■ 



38 MICHIGAN FISH COMMISSION— BULLETIN NO. 4. 

islands or favorable shores. Possibly the places at which our hauls were made 
are usually protected from wave action and are therefore favorable, but this 
does not seem to me likely. 

The amount of plankton taken at these two Lake Erie stations is not suffi- 
cient to raise them above the category of plankton-poor lakes. To be called 
plankton-rich, the lake should yield perhaps ten times the plankton found in 
it at the most favorable place. 

Our knowledge of the plankton of the Great Lakes may be thus summa- 
rized : 

I. The volume of plankton in Lake St. Clair and Lake Erie in September 
is relatively small. They are planhton-poor lakes. 

n. The plankton of Lake St. Clair is distributed with great uniformity.. 
Swarms of horizontal migration, if they exist, are of rare occurrence. 

III. There is constantly much more plankton in the superficial stratum of 
water, 1.5 metres thick, than in any equal portion of the deeper water. 

rV. There are no constant differences to be detected in the distribution of 
the plankton at the different depths in a stratum of water extending from a 
depth of 1.5 to a depth of 5.5 metres. 

V. The plankton of Lake St. Clair contains large numbers of individuals 
of Clathrocystts ceruginosa and also of Dinobryon of two species. The indivi- 
duals of these two species are so abundant as to have been usually recorded 
in our tow blanks as "many." 

VI. Chydorus sphcericus 0. F. M. is pelagic in considerable numbers in 
Lake St. Clair. 

The statements as to quantity, under V and VI are estimates, not measure- 
ments. Apstein (94) calls the plankton-rich lakes Chroococcacese lakes and the 
plankton-poor lakes Dinobryon lakes and assigns to them the following 
characters : 

ChroococcacecB Lakes. Dinobryon Lakes. 

ChroococcacecBj numerous, scarce. 

Dinobryon, scarce or lacking, numerous. 

Chydorus^ pelagic, littoral. 

Plankton, rich, poor. 

. Water, turbid clear. 

A similar list of the characters of Lake St. Clair stands as follows: 

Lake St. Clair. 

Chroococcaceoe (Clathrocystis), numerous. 

Dinobryon, numerous. 

Chydorus, pelagic. 

Plankton, poor. 

Water, turbid (probably through inor- 

ganic particles in suspension. 

The characters in italics are those of Apstein's Chroococcacese lakes, those 
in Roman are those of his Dinobryon lakes. From this it appears that Lake 
St. Clair unites in about equal parts the characters of the two classes of lakes 
recognized by Apstein. 

I turn now to the question of final "utility** of our work. I have already 

said that, as it seems to me, the only satisfactory solution of the many 

perpJein'Dg problems oi the fisheries and fish culture must arise out of 
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an untramelled investigation of all the facts involved with a view to the 
fixing of principles. These principles will, then, guide and unify practice. 
It should be remembered that such work is slow, that it requires the 
co-operation of many specialists and that it is expensive. I believe it to be 
nevertheless, an inexorable condition of progi*ess. 

I take up the practical bearings of our work, under several heads which 
refer to the general conclusions reached by us. 

1. The lake is very poor in plankton. There are in the lake no 
fish, at least none of marketable size, that feed upon the plankton. The 
"herring" of our inland lakes (Coregonus artedi) teed upon the plank- 
ton and perhaps the herring of the great lakes have the same habit. It is 
not likely that the herring could thrive at all in Lake St. Clair; it cer- 
tainly could not exist there in considerable numbers. No fish feediug 
upon plankton could thrive in this lake, so that the question of introduciug 
such fish is at once answered in the negative. 

If the lake were smaller it might be possible to fertilize it by the use of 
manures and other fertilizers so as to greatly increase its yield of plankton. 
The relatively large volume of water flowing through it will probably 
always prevent the use of fertilizers, since these would be speedily carried 
out of the lake through the Detroit river. 

2. The bottom flora and fauna of the lake are abundant. From this it 
follows that if any fish are to be introduced they should be such as thrive 
on the minute animals which inhabit the bottom vegetation (snails, 
SphsBriums, Amphipoda, etc). Carp have been planted in ponds connected 
with the rivers which empty into Lake St. Clair and have made their 
way into the lake. They are already being taken by the fishermen in pay- 
ing quantities and are of unusually fine quality. They probably feed on 
some of the minute bottom forms in the lake. It seems to me likely that 
these fish will be of increasing commercial importance. Other fish of 
similar food habits should be looked for with a view of testing their 
adaptability to this lake. 

3. Although, so far as I know, no whitetish fry or whitefish eggs have 
ever been taken in the lake, nevertheless there is good reason to believe 
that these fish spawn there. The whitefish pass up the Detroit river in 
November for the purpose of spawning and were formerly taken in the 
lake and in the St. Clair river in considerable numbers. This affords 
ground for the assertion that the fish spawn here. But the method or 
place has not been observed. 

Borne (87) has collected the observations made by various persons on 
the spawning habits of the European Coregoni, From this it appears that 
some species spawn on Chara beds, others on gravel or sand. Consider- 
ing the great expanse of the Chara beds in Lake St. Clair it seems to me 
likely that our Lake Erie whitefish spawns upon these beds. It is not 
impossible that it should spawn on the gravel or sandy strip of bottom 
which in some places, as at Grosse Pointe, extends along the shore in 
water shallower than that in which Chara grows. This, however, seems 
to me unlikely, for the reason that the current is rather rapid in such 
places and would tend to carry the eggs away unless they were covered by 
the sand or gravel of the bottom. It is known, however, that the whitefish 
spawn in water of considerable depth and that the eggs are cast while the 
fish leap abovd the water in pairs. (For a collection of such inataxsiflftfe^ . 
see the paper by the writer in the Repoit oi l\i^'^\Ocvv^^xi.'^\'^^^'^s^^ 
sion for 1891-92, on "The Ova and Speim^VoT^o^, ^\ic.r^ "^"^^ v^sgj.^'C^ss®. 
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cast would be spread over a considerable area of the bottom and could not 
be very well buried by the adult fish. 

If then, the eggs are laid over the Chara bed, the young fish would prob- 
ably feed among the Chara, as is the habit of one of the European species 
(see Borne 87). It would not then feed upon the plankton, as suggested 
. by Forbes (83). ... 

The best practice in planting the whitefish would then consist in scatter- 
ing the eggs, just before they are ready to hatch, over a considerable area 
of the lake bottom. The newly hatched fish would then find themselves at 
once in congenial surroundings. Instead of planting eggs, the fry them- 
selves might be spread over the bottom by suitable devices. 

Of course the only safety lies in determining by observation the charac- 
ter of the bottom in the place in which the whitefish deposits its eggs. 
This may differ in different lakes. But in the meantime, we cannot do 
better than to guide ourselves by such light as we have. Thus it seems to 
me that for Lake St. Glair the Chara beds are indicated as the spawning 
ground and that the method of planting above referred to is the most 
promising. 

The " practical conclusions" may thus be summarized: 

I. Lake St. Clair is unfavorable for plankton eating fish, such as the 
inland lake herring. 

II. It is favorable for bottom feeding fish. 

III. The whitefish eggs are probably deposited in the lake on the Chara 
beds. The eggs or recently hatched fry should, until further investigation, 
be "planted" by scattering them over a considerable area of the 'Chara 
covered bottom. 

• 

Note. — Owing to the absence of Prof. Reighard in Europe, the Mss. of this report 
was left in my charge with the very generous provision that changes should be made 
th any extent necessary to express the views of the writer or the evident conclusions 
to be deduced from his observations. Most changes have been purely verbal; but to 
avoid misunderstanding and possible charge of oversight, it seems best to add some 
further words in regard to the distribution of the plankton as shown by ^he tables on 
pages 34 and 35 of this report. The very variable amount of plankton in t^ lower 
strata as shown by the subtraction method, e. g., in the stratum 4.5 — 3 m. as — 4.4 cc. 
for station III. and as 3.9 cc. for station XV., both of nearly equal depth, and the 
reverse relation of 5.4 cc. to — 3.0 cc. in the next deeper stratum of the same stations, — 
this variation of nearly 50 per cent of the total amount of the haul within less than 
one-fourth of its depth does show clearly an unequal, and as further examination of the 
tables proves, variable distribution of the total plankton. 

Thus far no one has attempted to define the word ** swarm " nor show how far such a 
phenomenon as he conceives a ** swarm " to be would affect the volume of the plankton; 
eispecially is this true of the limnoplankton where the forms concerned are throughout 
minute and the modifying effect will depend absolutely on the idea in mind In other 
words, if one conceives the swarm to be a small, not very crowded aggregation of a few 
dozen individuals, the 'total volume might not be largely affected by its inclusion in the 
net; if, however, it is thought to be a crowded mass of thousands, the result will be, 
different. Now while the evidence in the table will clearly permit of the first view, it 
will not in Prof. Reip^hard's mind support the second, since the considerable differences 
are the rare exception. Hence *' swarms," if so defined, are the exception, not the 
rule; and it is vinexpected to find so close agreement in the masses of the hauls as the 
table on page 33 shows. Moreover, the varying amount of the plankton in the different 
(artificial) strata below the top can by no means be regarded as evidence of the exist- 
ence of swarms; it may be equally well explained on the ground of the partial or total 
absence of all forms at that particular zone, a phenomenon due to migration, to the 
effect of light, currents, or food supply at that point. It seems clear that there is 
great need of evidence in the shape of accurate enumeration of eaclr species in each 
7%9r^i&uJsr haul and in hauls with a closable net in order to establish the limits and 
vertical movements of each species for itself. The problem is by no means so simple 
and so uniform ae eome would have us believe. 
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APPENDIX I. 



LIST OP THE PROTOZOA AND MOLLUSCA OBSERVED IN 
LAKE ST. CLAIR IN THE SUMMER OP 1893. 



BY FRANK SMITH, INSTRUCTOR IN ZOOLOGY, UNIVERSITY OF ILLINOIS, 

CHAMPAIGN, ILL. 



1. Protozoa. 

Protozoa occurring in surface collections: 

Difflugia globulosa Duj., abundant. 

Arcella vulgaris Ehr., scarce, only empty shells. • 

AcUnophrys sol Ehr., scarce. 

Dinobryon sertularia Ehr., abundant. 

Dinobryon sp., frequent. 

Feridinium iabulatum Ehr., scarce, only empty cuirasses. 

Ceratium hirundinella O. F. Mtill., abundant. 

Stenior sp., scarce. 

Codonella cratera Leidy, frequent. 

Vorticella sp., on Diatom sp. and on Sphaerozyga polysperrfia, abundant. 

Protozoa occurring in bottom tow and dredgings: 

Difflugia globulosa Duj., scarce. 
Peridinium iabulatum Ehr., scarce. 
Ceratium hirundinella O. F. MtllL, frequent. 
Amphileptus gigas C. & L., scarce. 
Sientor sp., abundant. 
Vorticella campanula Ehr., frequent. 

Protozoa occurring in shallow water among algse: 

Am^oeba proteus Leidy, scarce. 
Difflugia acuminata Ehr., scarce. 
M, corona Wallicb, frequent 
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D. globulosa Duj., frequent. 

D. lageniformis Wall, (urceolata Carter), scarce. 

D. pyriformis Perty, frequent. ^ 
Lecquereusia spiralis Led., scarce. 

Centropyxis aculeata Ehr , abundant. 
Arcella dentata Ehr., scarce. 
A. vulgaris Ehr., abundant. 
Stylobryon petiolatum Duj., scarce. 
Euglena acus Ehr., scarce. 

E. oxyuris Schmarda, frequent. 
Phacus longicauda Ehr., frequent. 
Nassula ornaia Ehr., frequent. 
Amphileptus gigas C. & L., frequent. 
Stichotricha Mulleri Lach., scarce. 
Episiylis plicaiilis Ehr., frequent. 
Vaginicola gigantea D'Udk. scarce. 
Cothurnia operculata Grub.,, scarce. 
Pyxicola. constricta Stokes, frequent. 
Ophrydium versatile O. P. Mtill., frequent. 
Fodophrya cyclopum C. & L., scarce. 

II. Mollusca. 

Limnea stagnalis L. Hushes near stave mill, St. Clair Flats; Salt 
Creek, abundant. 

L. reflexa Say. Rushes, logs near stave mill, abundant. 

L, reflexa zebra Try on. Rushes, abundant. 

L, palustris Mull. Rushes, logs near stave mill, frequent. ' 

L, cafascopiiim Say. Rushes, logs near stave mill. Sta. XVII, 
frequent. 

L. humilis Say. Logs near stave mill, scarce. 

L. galsami Say. 

Fhysa gyrina Say. Logs near stave mill, frequent. 

P. heterostropha Say. Rushes, logs near stave mill. Lake bottom 
tijenerally, abundant. 

P. iniegra Hald. Lo^s, stave mill, scarce. 

Planorbis irivolvis Say. Rushes, logs near stave mill. Lake bottom 
generally, abundant. 

P. bicarinaius Say. Rushes, Sta. XVI and XVII, frequent. 

P. campanulatus Say. Rushes, logs near stave mill, abundant. 

P. parvus Say. 

P. albus Mull. Logs near stave mill, frequent. 

Ancylus parallelits, Hald. Rushes, abundant. 

Valvata tricarinaia Say. Dredgings, abundant. 

Campeloma dedsa Say. Dredgings, occasional. 

Amnicola limosa Say. Dredeings and bottom tow, abundant. 

Pleurocera subulare Lea. Rushes, logs near stave mill. Dredginga 
and bottom tow, abundant. 

P. ehvatum Say. Dredgings, scarce. 

Goniobasis depygis Say. Station VIII. 

G, livescens Mke. Rushes, logs near stave mill. Dredgings, abundant. 

Unio alatiis Say. In rushes near stave mill. Sta. tV ^\ssk '^^'^X.^ 
abundant. A 
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U.circulus Lea. In rushes near stave mill. Sta. IX, frequent. 

U. cocdneus Hild. In rushes near stave mill. Sta. XVII, abundant. 

U. ellipsis Lea. Sta. IX, scarce. 

U. gibbosus Bar. In rushes near stave mill. Sta. IV, XVI and 
;XVII, abundant. 

U. gracilis Bar. In rushes near stave mill, scarce. 

Z7. luteolus Lam. In rushes near stave mill. Sta. I, II, III, IV, XVI, 
and XVII. Dredgings everywhere, abundant. 

XJ. nasutus Say. In rushes near stave mill. Sta. XVI and XVII, 
abundant. 

U. novi-eborad Lea. . Scarce. 

U. occidens Lea. In rushes near stave mill, frequent. 

U, phaseolus Hild. Sta. IV, scarce. 

U. rectus Lam. In rushes near stave mill. Sta. IV, IX, and XVII, 
rdbundant. 

U, triangularis Lea. In rushes near stave mill. Sta. XVII, scarce. 

>U. undtdatus Bar. In rushes near stave mill, scarce. 

U. ventricosus Bar. In rushes near stave mill. Sta. Ill, IV, and 
XVII, abundant. 

Margaritina deltoidea Lea. In rushes near stave mill, scarce. 

M, rugosa Bar. In rushes near stave mill. Sta. IV, scarce. 

Anadonta Footiana Lea. In rushes near stave mill. Sta. Ill, IV, XIII, 
XV and XVII, abundant. 

A, Footiana subangulaia Auth. In rushes near stave mill. Sta. II 
and one mile south oJE Lab., frequent. 

A. subcylindracea Lea. Sta. Ill, scarce. 

SphaSrium simile Say. In rushes near stave mill. Quite generally 
•on bottom, abundant. 

S. striatinum Lam. In rushes near stave mill. Quite generally on 
ibottom, abundant. 
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APPENDIX II. 



A REPORT ON A COLLECTION OP CLADOCERA, MOSTLY PROM 

LAKE ST. CLAIR, MICHIGAN, 

WITH A TABLE OF 8PE0IE8. 



BY E. A. BIRGE, PROFESSOR OF ZOOLOGY, UNIVERSITY OF WISCONSIN^ 

MADISON, WIS. 



The collection of Cladocera which was given me for examination by Prot 
J. E. Beighard, of the University of Michigan was contained in seventy- 
two bottles, of which fifty-two were from Lake St. Clair and the rest from 
various localities in Michigan. Of the 20 scattering specimens, thirteen 
contained no Cladocera and one bottle from Lake St. Clair was without 
any specimens. * 

The collection as a whole presents few noteworthy peculiarities. 
There are no new species and many of the forms usually found in our 
smaller and larger lakes are absent. The table, which comprises most of 
the report, must be construed as a report on the collection and not as repre- 
senting, either in quality or quantity, the fauna of the region from which 
it came. 

In addition to the bottles there was a collection of slides of mounted 
specimens. They contained a specimen of Polyphemus pediculus, which 
was not found in the bottles and a large species of Chydorus, apparently 
new but which is not described at present, as I wish to see fresh specimens. 

The most striking features of the Lake St. Clair collection are: 1, the 
abundance of Sida crystallina which occurs in twenty-eight of the fifty- 
two bottles; 2, the constant presence of Bosmina longispina and the 
absence of all other species of the genus; 3, the abundance of Mono- 
spilus ienuirosMs, which occurs in more than one-third of the bottles, and 
which was found in both sexes. I believe that no other collector has 
reported such an abundance of this species. The mode of collecting is 
probably the cause of this plenty, rather than any peculiar distribution of 
the species. Considering the shallow nature of the lake, it is surprising 
that no more forms of Lynceidse were captured. The number of specie«t 
is small and the number of individuals is still XKicyt^ ^^^xjfej. "S^»NRkj^«=^ 
strange that no representatives oi the ^enec^L Ceriodax^^ma^ ^^rw^-^c^r^^i^ 
and Scapholeberis^ were f onnd. 
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NOTES ON INDIVIDUAL SPECIES. 

Daphnia pulex var, pulicaria. This variety, established by Prof. Forbes 
include traDsparent forms of D. pulex, is of wide distribution. It is found 
in pools and in clear water as well, and the forms are hardly distinguisha- 
ble. I have found it also in cisterns and wells. Morphologically it is very 
<5lose to D, pulex but it is never yellow. In muddy waters it is sometimes 
grayish and somewhat opaque, but in color grades into perfectly clear 
forms. D. schoedleri is a very closely allied species if not identical. 

D. kahlbergiensis Schldr, var. intexta, Forbes. This variety with smaller 
<5rest than the true retrocurva was present in many bottles. It was, how- 
ever fdund to grade into retrocurva and very possibly is not a valid var- 
iety. The species is everywhere extraordinarily variable. 

Acropreus leucocephalus Koch. This species varied a little from the 
regular form. It approaches somewhat toward A. harpce Baird,.but there 
seemed no good reason for separating it as a distinct species or even var- 
iety. The same may be said of Camptocercus rectirostris. 

Alona lineata Fischer. The species which I have thus described is evi- 
dently the same that others have called A. intermedia. In terming it line- 
ata, I have followed Matile, whose figure of the post-abdomen exactly 
agrees with my specimens. These species of Alona need careful revision, 
as indeed do all the larger genera of the Cladocera. 

Chydorus sphaericus O. F. M. This species was always present and in a 
very small variety, probably that called C. minor Lillj. by 8ars. I have not 
been able to find any constant distinction between this and the regular C. 
sphaericus except in size. 

Monospilus tenuirostris, Fischer. 

This species is evidently widely distributed in the United States. It 
has been found from localities as far separated as Isle Royale and East- 
hampton, Mass., a distance of about 1,000 miles. The limicolous habit of 
the animal renders it a rare form in any collection. It was, however, 
unusually abundant in the Lake St. Clair bottles and both sexes were 
present. The male has not been described before and is therefore described 
in detail. 

Male. — Length, 0.35 mm.; height, 0.23 mm. The general shap^ is oval, 
recalling that of an Alona, The dorsal regions of the carapace is marked 
by oval depressions as in the female. The cast shells remain attached to the 
auimal, as many as three having been seen in one case. The post-abdomen 
is more slender than in the female and is armed by fine hairs only. The 
teeth found in the female are wanting. The vas deferens terminates in a 
projection in front of the caudal claws, somewhat similar to that seen in 
Alona guttata Sars. The first foot is armed with a stout hook, not dis- 
similar to that found in most of the Lynceidae. The macula nigra is large 
and triangular in form. There is no trace of the eye. 

In another paper I called attention to the resemblance between 
Monospilus and Alona. The male shows this resemblance in a still more 
striking way. Were it not for the absence of the eye it might easily be 
taken for an Alona, especially in small individuals where there are no 
adherent old shells. It seems therefore very probable that we are right in 
regarding Monospilus as an Alona, altered in structure for a limicolous 
mode of life. 
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EXPLANATION OF THE TABLE OF SPECIES. 



A cross ( + ) following a specific name indicates a specimen mounted on 
a glass slide. Other specimens were in alcohol. 

C. S, indicates that cast shells only were observed. 

The columns in which the Roman numerals appear in the headings 
show the Cladocera taken in the summer of 1893 in Lake St. Clair, Detroit 
river and Lake Erie. The Roman numerals indicate the stations. The 
words following the station number indicate the net used in making 
the haul. These nets are described in the report. The word plankton 
following the station number indicates the use of the vertical plankton net. 
Of the hauls not indicated by Roman numerals, those contained in the first 
seven columns are from certain' inland lakes of Michigan, the names of 
which are given. They were made in July, 1891. Those in columns 8-18, 
inclusive, are from hauls made at the north end of Lake Michigan in April, 
1893, at the localities indicated. In all these cases, an ordinary muslin 
tow net was used. The number of feet given in each column indicates the 
depth at which the tow net was run. When no number is given it was 
run at the surface. 
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APPENDIX IIL 



A PRELIMINARY REPORT ON THE WORMS (MOSTLY PARASITIC) 
COLLECTED IN LAKE ST. CLAIR, IN THE SUMMER OF 1893. 



BY H. B. WARD, ASSOCIATE PROFESSOR OF ZOOLOGY, UNIVERSITY OF NEBRASKA. 



In the work done on the fauna and flora of Lake St. Clair during the 
summer of 1893, the group of Vermes was entrusted to the writer. The 
following is submitted as a preliminary report on the ground covered, the 
material obtained, and the results of this branch of the work so far as they 
can be seen at this stage. 

Excluding the Rotifera, which were studied by another member of the 
party, the Vermes are represented in fresh water by three great classes: 
the Plathelminthes (Flat- worms), Nemathelminthes (Round or Thread- 
worms), and the Annelida ( Segmented- worms). A synopsis of these classes 
gives the following orders occurring in fresh water: 

Turbellaria. 
Plathelminthes ■{ *Trematoda (Flukes). 

*Cestoda (Tape-worms). 

*Nematoda (Thread- worms). 
Nemathelminthes -( *Gordiacea (Hair-snakes). 

*Acanthooephala. 

Nemertini. 

Annelida j Oligochaeta ("Earth-worms"). 

( Hirudinea (Leeches). 

The orders starred are found exclusively or very largely as endo-para- 
sites, and the importance for fish culture of a full knowledge of these forms 
seemed to warrant the special attention which was paid to them ; for it soon 
became evident that the amount of material was too great for one worker, 
so that the non-parasitic worms were collected only as occaaiotL Ck^<55t<5^^ 
while the parasitic forms were made the a\\.b\^e\» cA. ^^^'ssiS.^vjQ^^- 

To speak of the non-parasitic f otihb fi.tB\.\ Ol >L\i^ TuTV>^orp\.o. ^^^^^ ^^^^ 
7 
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vial with a dozen specimens was preserved, and these have been sent to 
Dr. W. McM. Wood worth of Harvard for determination. The following 
forms were found in the tow and entered in the blanks without being 
preserved: Mesostoma Ehrenbergii, Vortex sp. Aug. 6; Planaria macu- 
lata Leidy, Sept. 1. 

The group of Nemertini, which is represented i^ the ocean by numer- 
ous large worms great value as fish food, yields in fresh water only a 
very few small forms. One species about 3 to 5 mm. in length and 0.5 
mm. in breadth, was found rarely on the plants collected from the shallow 
water of Lake St. Clair. Of the fifteen so-called species of fresh water 
Nemertini listed by various authors, hardly one can be recognized from 
the data given, and probably all may be reduced to two or three.* 
More accurate descriptions of these forms are necessary before any identi- 
fication can be made. 

Of the Hirudinea twelve vials were put up and afterwards Bent to 
Prof. R. Blanchard of Paris for study. 

The OUgochaeta were entrusted to Dr. G. Eisen of the California 
Academy of Sciences who has made the following preliminary report: 

" The collection of OUgochaeta, contained in 17 vials, comprises about 8 
or 9 species principally belonging to purely fresh water forms. There is 
one specimen of a genus related to Thamnodrilus, and about a dozen 
specimens of a new genus belonging to the family of the Lumbriculidce. 
The collection contains besides two species of Stylaria, one of Bohemilla, 
one related to Pristina, one to Naidium, and one Chcetogaster, These 
can only be properly determined, however, after dissection and sectioning. 
It is safe to say that most of the species are new to science. All the 
material is in first-class order well preserved with a view to anatomical and 
histological study. The collection was accompanied by many careful 
field notes and four sheets of detail drawings. A complete report will be 
made as soon as time permits." 

My own attention was devoted particularly to the parasitic worms, both 
while collecting during the summer and in study then and since. In the 
tow was found but onel helminth, a form which challenged attention the 
first of our stay. It is a free swimming Cercaria, closely allied to C mir- 
abilis Braun, having a prominent tail terminating in two flat blades at right 
angles to the main body. The Distoma is enclosed within the tail of the 
Cercaria which has then more or less the appearance of an anchor with 
wide flukes. From one to four of these were taken from both top and bot- 
tom tow every day from July 27 to August 5 when it suddenly ceased to 
be found. Efforts to find the intermediate and primary host were alike 
unsuccessful. This form differs considerably in size from those described 
by R. R. Wright and M. Braun and is probably a new species. 

In shore collecting and dredging among the rushes in shallow water, 
immense numbers of Oordius were obtained. They belong to not more 
than two species. One specimen of Mermis was also found. 

The bulk of the material collected consisted of fish parasites. Every 
day the fish brought from the nets were examined, and the parasites found 
were transferred to dishes of normal salt solution and provided with labels 
containing full details as to the host and the organ inhabited. This part of 
the work which I did personally at first was afterwards entrusted to D. Lydell 
who proved a most satisfactory assistant, and by whom the larger part of 
^Ae collecting was Bubsequently done. The results of this examination of 
the deh wer e entered in a special blank wliicToL is Yieie T^ptodxjLced. 

*Ck,ioj,arB VaiJJant in the ZoOlogiaoher Anzei«er. yol. xy, p. 125. 
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Locality 



Examined by 189 



PARASITES FOUND. 



Name. 



No. 



Organ Inhabited. 



Condition. 



Remarks. 



Notes: ' 



Each of the parasites was then subject to superficial examination, notes of 
evident peculiarities in shape or color made on the blank, and the worms 
then preserved. For this purpose an alcoholic solution of corrosive subli- 
mate or picro-sulphuric acid was employed, followed by treatment in grades 
of alcohol. Forms which could be identified at once were entered byname, 
others referred to by number, and all were put up in vials for future study. 
Those which were peculiar were studied at the time so far as possible, and 
notes and drawings kept for reference. 

The total amount of this material collected was Trematoda 59 vials, 
Cestoda 43 vials, Nemaioda 15 vials, Oordiacea 9 vials, Acanthocephala 
39 vials; in which one vial represents one order of parasites from one organ 
of one host at one date, so that two species may be in one vial or two vials 
may contain the same species collected on different days or from different 
hosts or organs of the same host The examination of the bottles has gone 
far enough to show that a few of the forms represent new genera, many 
are new species probably, and nearly all are new in this country or in these 
hosts. When worked up the entire collection will form a valuable contri- 
bution to American helminth ology. 

The parasites from each host were counted and the results entered in 
the blanks. This was naturally laborious and demanded considerable time; 
but it is believed that it will furnish important evidence on the frequence 
of the parasites such as is lacking in previous lists which, so far as I know, 
rarely contain information even as to the number of infected hosts aoasvaj^ 
those examined. The subjoined table preseikle* m e.OTL^^.^<b V^^Ttsj^S^^^^es^^^ 
of this study. From the list of lioste gVve>ii Vt ^KX\.\i^ ^^^xlSS^-c^ xNfc«Sc«^ ^^ 
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quite all the important food fish of the lakes were examined. As it was 
not possible at that time of year to obtain whitefish in Lake St. Clair, Pro- 
fessor Beighard was kind enough to make a special trip to 'Belle Isle in 
the fall when he examined ten of them and forwarded me the parasites 
obtained. They came in good condition and add materially to the com- 
pleteness of the collection. In addition to the fish, a large number of fresh 
water moUusks were examined as well as a few gulls and turtles from the 
immediate vicinity. The results of this examination are appended to the 
table below. It may be mentioned that some well known parasites were 
not found, among others the thread worm which infests the muscles of the 
black bass; it does not seem to occur at this season in the bass from Lake 
St. Clair. 

As might be expected, most of the parasites were found in some part of 
the alimentary canal; not a few occur encysted in the liver, and the body 
cavity and air-bladder harbored occasional specimens. In one instance 
(Hiodon) the only parasites found were in the body cavity; they are prob- 
ably new to science sind are Trematoda with the mouth and the single 
sucker at the middle of the ventral surface, in this like the Oasterosiomidce, 
but differing from that family in numerous particulars, especially the 
sexual organs and the absence of any modification of the anterior end. The 
structure of this form will be described in detail in another place. 

Some interesting facts appear on examination of the table given. The 
number of hosts examined is in some cases too small for general statements 
but such are only tentatively included in general statements. In consid- 
ering the abundance of parasites it may be said that those fish which con- 
tain less than ten parasites each may be regarded as practically free; these 
are species 2, 5, 8, 9, 12, 13, 14 (see note), 17, 19. On the other hand those 
containing more than one hundred are to be considered as badly infected. 
Such are 4, 6 and 15. Of 18, only one specimen was examined and the 
number cannot stand as an average. Three specimens of 6 were examined; 
two had about forty parasites each, the third contained 285 Acantho^ 
cephala, bringing the average above the hundred limit, but the number 
examined was evidently too small to warrant conclusions as to which was 
the exceptional occurrence, and this form may be set aside for the 
present. Of the others 4 and 15, Amia is not a food fish; the second, the 
small-mouth black bass, was, as the . table shows, the most seriously 
infected of any fish. 

It will be noticed in this connection that a comparison by number only 
is somewhat misleading. Not only is there a wide difference in volume, 
and hence in effect on the host, between different species of the same 
order, as e. g. one Distoma collected measured 17 xlmm., while the small- 
est was 1 X 0.2 mm., where the volume of the larger is more than 85 times 
that of the smaller; but it is also evident that one adult Cestode of moder- 
ate size is equal in volume to more than a hundred Distomata. A com- 
parison by number omits also the important factor of the size of the host, 
and one can easily see that the 42 parasites of each sturgeon play a smaller 
part in its economy than do the six of each perch or pumpkin-seed. 
Having regard, then, to the size of the parasites and to the size of the 
hosts, the table gives a relative idea of the degree of infection. 

Comparing the parasites within one host it appears that the Cestodes are 

most important only in 19 and 20; the Acanthocephala are distinctly 

most prominent in 6, 1, 15, and 16 while the Trematodes ruled in 4 and the 
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Nematodes in 17. In the other cases the number of parasites is either so 
small as to be unimportant or so nearly evenly divided that no one group 
could be called predominent. Trematodes alone were harbored by 10, 11, 
13, Acanthocephala alone by 8 and 16. External parasites were rare, being 
obtained only in one instance, from the gills of the whitefish. 

In the food of the fish is to be found of course the key to the distribu- 
tion and frequence of parasites, and considerable time was spent in the 
study of this subject. The only extensive articles on the food of the 
American fresh water fish are those of S. A. Forbes in the Bulletin of the 
Illinois State Laboratory of Natural History, 1878-88. After collating 
the results given there it was evident that there is variation enough in the 
food of the same fish in different localities to influence materially the 
question at issue. Some of the statements given there directly contradict 
observations made last summer at New Baltimore so that it will be necep- 
sary to await the result of study on the fish foods collected by our own 
party. 

All of the parasites found were obtained from organs which are removed 
in cleaning the fish so that they are not directly dangerous to man. Any 
influence must be indirect on the health of the food or in reducing the 
supply of the fish. As to the effect of the parasites on the host a few 
words may be said. In most cases the number is so small that they could 
not noticeably diminish the food supply of the host, especially in a season 
of abundant nourishment like the summer; and it is also probable that the 
irritation produced by movements of the parasites is immaterial. In a few 
cases, however, this is not true, and the great number found in Micro- 
pterus dolomieu must be a serious draft on the organism. The 
Acanthocephalay moreover, which are present here in such large numbers, 
are especially dangerous since they collect in such masses as to obstruct 
the alimentary canal and make their way out into the body cavity and up 
into the liver, in both of which places they were found repeatedly. The 
host would then be affected in more than one way and it may be seriously. 
At any rate the subject deserves the fullest investigation since it is one of 
the finest of our food fish which is threatened. I hope to be able to 
present further evidence on the influence of the parasites on the host at a 
later date. 
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APPENDIX IV. 



THE INSECTA AND ACARINA OF LAKE ST. CLAIR. A PRELIMI- 
NARY REPORT. 



BY DR. R. H. WOLCOTT, ANN ARBOR, MICH. 



The insect life of Lake St. Clair, as shown by the investigations carried 
on during the summer, is exceedingly abundant and of a very varied 
character, notwithstanding the fact that the larger number of individuals 
obtained in the various tows and dredgings belonged to a comparatively 
small number of common and widely diffused forms. Nearly every order 
of the Insecta was represented in the collections, as well as three of 
the families of Acarina or mites. 

The species of Insecta of which specimens were preserved, are 
distributed as follows: 

Pseudo- neuroptera — Odonata ( Dragon-flies ) 11 

Ephemeridae (May-flies) 6 

Perlidae (Stone-flies) 1 

Neuroptera — Phryganidae . ( Caddis-flies ) 16 

Hemiptera ( Bugs ) :.. 8 

Coleoptera (Beetles) 5 

Lepidoptera (Butterflies and Moths) 1 

Diptera (Flies) 25 

A total of 72 species represented by over 600 specimens, living either as 
adults or during their immature stages in the waters of the lake. 

The single Lepidopterous larva collected was taken oflp the mouth of Salt 
Creek, is a species of Hydrocampay one of the Noctuidae or owlet-moths, 
and probably fed on the water lilies, which aboun^pd in the creek. The 
Diptera were largely of the families Culicidae and Ohironomidae or 
mosquitos and gnats. 

The number of specimens could have been materially increased had the 
object been the formation of a full collection. But the desire bein^ ks\ksv^ 
to study the life-habits of the various ap^c\fe^^ \sx».\>c^ ^-^^"ortX-xixijic^^ ^s^ 
obtain specimens were sacrificed in tVie «l\\.^yiv^\» \»o e»x\^ K^«fe\si.N5ox?3s^Nfc. 
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their transformations in the aquaria. This latter attempt was successful 
in so far that many valuable notes and drawings were secured, and speci- 
mens illustrating nearly the whole life-history of many species preserved. 
The identification of this material has proceeded but slowly and very 
incompletely owing to the lack of literature on the subject which renders 
the task exceedingly difficult. 

Of the Acarina, a single specimen of the cheese mite (Tyroglyphus) 
was taken in a surface tow, its occurrence being, without doubt, accidental. 
. Nine specimens of a species of horny mite (family Oribatidae), were found 
in bottom and surface towings in diflPerent parts of the lake. Of the 
Hydrachnidae or water mites proper, a very large number were secured, 
doubtless more than have ever before been collected in this country, the 
group being one which, so far as American forms are concerned, have been 
almost, entirely neglected. The collection embraces 18 genera, 36 species, 
and 1,369 specimens, of which probably 3 genera and a score of species are 
undescribed. 

The whole collection, therefore, includes 110 species and over 2,000 
specimens, beside a few pinned specimens of dragon-flies, aquatic 
Coleoptera, etc. 

The distribution of these throughout the lake is very general, its 
shallowness rendering it possible for many species to live anywhere that 
suitable conditions other than depth of water exist. This fact together 
with the gradual slope of the shores precludes the establishment of any 
well-defined faunal zones, and yet a general distinction may be observed 
between the littoral and pelagic faunas, the latter inducing those forms 
- living in and over the growth of vegetation included in the Oharacetum, as 
defined by Mr. Pieters in his report upon the flora of the lake, the littoral 
species being found between this area and the shore line. 

Among the littoral forms may be mentioned the majority of the larvae 
of the dragon-flies, most of the Hemiptera, the larger part of the coleop- 
terous forms, many Diptera, and a few phryganid and ephemerid larvae. 
The pelagic fauna is characterized by an abundance of ephemerid and 
phryganid species, a very few colepterous and hemipterous forms, a great 
number of Diptera, and the representatives of one genus of dragon-flies, 
Oomphus, together with a few of the other dragon-fly larvae. It is inter- 
esting to note the greater abundance of predatory or carnivorous forms 
in the littoral fauna. The water-mites were distributed everywhere in the 
lake, except that a few of the forms whose swimming powers are feeble, 
were only detected in the marshy tracts along the shore. 

The great abundance of insect life throughout the lake, and especially 
in the Characetum which carpets the bottom, and in which certain species 
are exceedingly abundant, would seem to render it probable that insect 
forms should constitute a considerable percentage of the animal food of 
the fish inhabiting the waters. And an examination of a number of fish 
stomachs collected by the expedition bears out this probability, as in them 
were detected an immense number of insect larvae, especially of those 
forms living in the Characetum over which a large majority of the fish 
had apparently been feeding. 

All the conditions of the lake, including the small depth of the water, 

the uniformity of its temperature throughout the year, and the abundance 

ot vegetation, tend to favor the production and future continuance of this 

sr^eat abundance of insect life and thus to furnish food for a correspond- 

j'^^Jy^reat abundance ot &&h within the waters oi Wie \«ke. 



BIOLOGICAIi EXAMINATION OF LAKE ST. GLAIR. 57 



APPENDIX V, 



SUGGESTIONS FOR AN EXPERIMENTAL METHOD OF DETERMINING 

THE EFFICIENCY OF QUANTITATIVE NETS. 



BY J. E. REIGHARD. 



The cloth used for our vertical net is the No. 20 bolting cloth manufac- 
tured by Dufour & Co. The net was constructed essentially like the one 
used by Hensen and described by Apstein in Zacharias' well known 
" Thier-und Pflanzenwelt des stlssen Wassers." 

The only essential modification was in the bucket, and is sufficiently 
clear from the illustration. 

It was my purpose to determine the coefficient of the net by the use of 
the table given by Hensen (87). For the purpose of seeing whether the 
cloth used in our net was the same as that used by Hensen, I undertook to 
measure it. Pieces of the cloth were placed under a compressor and the 
image of 30 to 70 openings was projected onto cardboard by means of an 
Abbe camera. The openings were then cut out of the cardboard and the 
pieces thus obtained were weighed. By comparison of the weight thus 
obtained with that of a piece of cardboard of known area, it was easy to 
determine the areas of the openings in the cloth. The method is very 
accurate. Measurements made in this way resulted as follows: 

At. areas of opening 
in fractions of a 
sqaare centimetre. 

1. On cloth as received from the dealer .00003596 

2. On cloth wetted and then dried . .00002808 

3. On cloth that had been used for 40 hauls of a net .00002336 

•4. On cloth of net used in summer, 1893 .00002548 

I then asked Dr. H. B. Ward to make some further measurements for me. 
His first experiments on the net used in the summer of 1893 gave as the 
average area of the openings in square centimetres .00002637 and .00002235, 
which vary but little from the measurement given above lort ^Jc^^ ^«ss^!^ 
cloth. The third measurement, however, gave ax^^Net^^^^^ort *^^'«^^'^^'^'^^ 
opening ot hut .00001651 square centimetie^, ^o eL\^^^^XL\» K^^V\>^^^ ^"^^ 

8 
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set about finding the cause of the variations. He observed on experiment- 
ing that slight changes in the tension of the cloth, or in the pressure 
exerted by the cover of the compressor in which the cloth was measured, 
produced immediate and considerable variations in the size of the open- 
ings. These results were instantly apparent if the changes were made 
while the observer was watching the cloth, and showed in the measure- 
ments as well. 

It thus became evident that in order to compare two pieces of cloth they 
must be measured under identical conditions of tension, pressure, moist- 
ure, etc. Hensen (87) gives the average area of the openings in his No. 
20 cloth as .000028387 of a square centimetre, but he does not state the 
conditions under which the cloth was measured. Without a knowledge of 
those conditions any accurate comparison of our cloth with his seemed 
quite impossible. 

I, therefore, set to work to find some method by which I could measure 
the coefficient of my net by direct experiments and finally hit upon the 
following. 

I had constructed a model of our large plankton net on a scale of .3 
linear. This was an accurate copy of the original net in every particular 
and should therefore have the same coefficient. It was large enough so 
that the difference in the friction of the water at the various openings of it 
and the original net could be neglected. 

A rectangular wooden tank about 2 metres high and 80 cm. on each side 
was constructed. Three openings 35 by 45 centimetres were cut in one 
side of this tank and three others at corresponding places on the opposite 
side. These windows were filled with plate glass. The tank was filled 
with water from a Pasteur filter and held about 622,000 c. c. of water. In 
this water was placed 30 grams of Lobelia seeds. These seeds had been 
previously cleaned of all impurities by decantation and had been boiled in 
water, then dried and weighed. They were thus thoroughly freed from solu- 
ble constituents and were of constant weight when dry. The seeds were 
well soaked in water before placing in the tank. They were found to be so 
nearly the specific gravity of the water that they remained in suspension 
in it for a considerable time; they are further about the size of the small 
Crustacea in the plankton. A long wooden paddle was prepared and to 
each side of this were tacked six zinc pieces which were so bent as to stand 
out at right angles to the surface of the paddle for a distance of six inches. 
By moving this paddle up and down in the water and by occasionally mov- 
ing it sidewise it was found to be possible to keep the seeds uniformly dis- 
tributed in the water of the tank. The distribution could be observed 
through the windows in the sides of the tank. There were usually more 
seeds near the bottom than near the top, but the horizontal distribution 
was uniform. Each cubic centimetre of water in the tank then 
contained on the average .0000471 grams of seed. While the 
seeds were thus uniformly distributed, the paodel net was drawn 
from the bottom of the tank to the surface of the water. It 
had an area of 100 square centimetres and traversed a distance of 
160 centimeters in ascending. It thus passed through a column of 
water containing 160 by 100 or 16,000 cubic centimetres. This column 
would contain, therefore, 16,000 times .0000471 gram of seeds which is 
, 75BB gTam. The seeds taken in the net were dried and weighed. If the 
net had strained the whole column of water it should in the case assumed 
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coatain .7536 gram of seeds. It was found, however, to contain asnally 
.4 to .6 gram. Hence the efficiency of the net is expressed by .t'^ or 
the coefficient is expressed by ^^. The cord by which the net was raised' 
was provided with two buttons which could be bo set as to open an 
electric circuit when the net started from the bottom and to close the cir- 
cuit when the net reached the surface of the water. The opening and 
closing of the circuit were recorded on a revolving drum and at the same 
time intervals of one-fifth of a second were marked upon the drum. There 
was thus kept an accnrate record of the time of ascent of the net. 

The coefficients obtained in this way varied from 1.6 to 2. They were 
found to be practically identical for any given velocity if the experiments 
were made on the same day. Slight clogging of the cloth, due to minute 
fragments of the seeds adhering to it, raised the coefficient considerably. 
The cloth was then washed by rubbing between the hands with soap and 
warm water. The result of tibe washing was to change the cloth visibly so 
as to reduce the size of the openings ia it and to make the coefficient rise 
from 1.5 to 2.1. 

The experiments were found to consume so much time that I was com- 
pelled to drop them, I believe the method to be accurate. It would be 
necessary during the conise of esperimeuta with it to measure the cloth by 
some method which would yield uniform results and such a method should 
be devised. 

Having thus failed, for lack of time, to satisfactorily determine the 
coefficient of our net experimentally, I have assumed our cloth to be iden- 
tical with that used by Hensen. I have no doubt that this assumption is 
correct, since the cloth is of the same number as Hensen's (No. 20) and 
does not agree at all with his No. 19. Furthermore the average ai-ea of 
the openings as determined by the experiments noted above, ia not far dif- 
ferent from that given by him for No. 20 and very unlike that of No. 19 in 
his list. On this assumption I had Mr. E. A. Lyman calculate the coeffi- 
cients of our net at the different velocities used by us and give below the 
results. 
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These corrections I have made nse of in calculating the volume of plank- 
ton per square metre of surface. It ia qnite possible that an averag,e oot- 
rection based on an average velocity of 63 cm. pex awi,-wQ\\&.^i.wr5^>Bosswas^ 
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[ually well. Indeed in two cases where recorded velocity was low, 30 and 
cm., the application of the correction resulted in an absurdity as pointed 
out in the note appended to the schedule of hauls. 

The hauls made through short distances yielded low velocities. At first 
I was inclined to attribute this to the fact that the time interval read oflP 
from the second hand of a watch would be likely to be overestimated, if 
the interval were short (2 seconds or less). The velocity would thus be 
made to appear less than it really was. If this were the case the applica- 
tion of the large correction demanded by low velocities would make the 
results too great for all the 1.5 metre hauls. If this were true, it would 
be better to make an average correction for all hauls. On reflection, how- 
ever, I decided that the net traveling a short distance probably actually 
travels at a lower average velocity since it must start slowly. I have there- 
fore corrected the volumes taken in all the hauls for the observed 
velocities except in the two cases already pointed out. 
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